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- Abstract - 
ABSTRACT
An Energy Analysis of a Pinus Radiata Plantation
An analysis of energy usage in a radiata pine plantation 
near Tumut, N.S.W., reveals that harvesting was easily the most energy- 
intensive operation of nine examined, accounting for four-fifths of 
the energy used. New roading was next, followed by site preparation, 
road maintenance, pruning then protection. Relatively little energy 
was expended in nursery work, plantation establishment and plantation 
tending. Energy inputs were grouped according to five categories, 
namely fuel, repairs, steel, goods and services, and human labour.
The requirement for liquid fuel accounted for nearly three-quarters 
of the total energy inputs.
Using a simple model of plantation operations, energy require­
ments over a forty year first rotation were estimated to total 
5.4 GJ/ha.yr assuming semi-mechanized harvesting of normally merchant­
able logs and a 25 km haul to the processing plant. The primary sources 
supplying this energy in 1977/78 are estimated to have been oil 86%, 
coal 13% and other 1%.
Tumut plantations could yield enthalpy equivalent to 173 GJ/ha.yr 
assuming direct combustion of wood delivered to the door of the process­
ing plant. If normally non-merchantable boles plus stumps were counted 
as potential energy output, then an additional 47 GJ/ha.yr would be 
available. The theoretical maximum net energy yield from the plantation 
is 168 GJ/ha.yr for merchantable boles only, or 215 GJ/ha.yr if wood 
usually left in the forest is included. Corresponding energy ratios
are 32:1 and 27:1.
(Vi)
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A large loss of energy is entai led in burning wood of 
eucalyptus forest cleared during preparations for  planting:  i f  enthalpy 
of combustion of th is  wood is included as an energy input to establ ish­
ing a p lantat ion, then the theore tical  net energy y ie ld  from the 
plantat ion drops to between 85-123 GJ/ha.yr, and the energy ra t io  
to around 2:1. This changes the energy sequestered in logs from 270 MJ/m3 
to 4880 MJ/m3.
The Tumut data form the bases fo r  forecasting that the annual 
requirement for  energy fo r  the whole Austral ian plantat ion estate 
w i l l  r ise  from 3.6 PJ in 1985 to double th is  f igure short ly  af ter 
the turn of the century. By the year 2020, when the plantat ion estate 
might be 1.4 m i l l ion  hectares, th£ annual requirement fo r  energy is 
expected to be f a i r l y  constant at about 8.7 PJ. These estimates assume 
an annual planting rate of 30,000 ha and al low fo r  the d i f fe ren t  energy 
requirements -of second ro ta t ion  plantat ions, and fo r  more mechanized 
harvesting, with an average haulage distance of 50 km.
The net energy y ie ld  fo r  the whole plantat ion estate is fo re ­
cast to be 58.2 PJ in 1985, r i s in g  to 147.3 PJ in 2020. A maximum 
of 14.4 PJ of l iqu id  fuel in the form of methanol could be produced 
from the non-merchantable boles and stumps from plantat ions, theore t ic ­
a l l y  making plantat ion fo res t ry  s e l f - s u f f i c ie n t  in energy.
Plantat ion fo res t ry  is a p a r t i c u la r ly  energy-eff ic ient form 
of land use but one which presently re l ies  heavily on l iqu id  petroleum
fuels.
- C o n t e n t s  - 
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Chapter One
ENERGY ANALYSIS: THE CONCEPT AND OBJECTIVES
Purpose
Modern society is heavily dependent on fossil fuels, particularly 
derivatives of petroleum. Sharp increases in prices and, perhaps more 
importantly, the realization that the end of world stocks of oil is 
in sight has led governments, companies, and individuals to take stock
sof their use of energy. Government and industry need to know at what 
rates the various commercial sources of energy are being depleted 
by different processes. This allows them to anticipate the additional 
drain on resources which will be brought about by expansion of a part­
icular industry, the consequences to industry (and society) of shortages 
of particular forms of energy and the potential, or the need, for 
substituting one form of energy for another. This knowledge also provides 
a basis for using energy rationally and perhaps introducing economies 
through more energy-efficient working.
In its simplest form 'taking stock' involves keeping account 
of energy used directly {direct energy) in operations over a certain 
time span or per unit of output. A full energy analysis is concerned 
with the direct and indirect energy used in a process. As an example 
of indirect energy, in a manufacturing process which uses metal parts, 
a certain amount of energy is embodied or sequestered in the parts 
themselves. This consists of the energy which went into the process
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of shaping, packaging and transport ing those parts and a share of the 
energy used in mining and processing the ore to produce the par t icu la r  
metal. A more universal example of ind irec t  energy is that energy 
which is required to provide energy in u t i l i z a b le  form at the point 
of use. In industr ia l ized  societ ies i t  is the energy sector i t s e l f  
which consumes more energy than any other sector. Chapman e t  a l .
(1974) draw at tention to the fac t  that more than 30% of the to ta l  
energy consumed in B r i ta in  is used to provide that country with i t s  
energy, i . e .  almost one-third of to ta l  energy consumption is used 
to convert primary energy sources to forms in which the energy is 
f i n a l l y  u t i l i z e d .  The f igure  is s im i la r  fo r  Austra l ia : 28% of the 
to ta l  primary energy supplied in 1979/80 was used in conversion processes,
V
f o u r - f i f t h s  of th is  28% being assoicated with generation and trans­
mission of e l e c t r i c i t y  (Anon., 1981a).
Even in i t s  simplest form analysis of energy use provides 
a means of iden t i fy ing  the steps in a process which have high energy demands. 
These operations can then be examined to see i f  energy savings might 
be achieved through more e f f i c ie n t  working methods. A l te rna t ive ly ,  
the consequences, in energy terms, of changed management, or a l te rat ion 
to process steps, can be predicted i f  energy inputs to the various 
stages are known or can be estimated. Ful l energy analyses can provide 
reasonably precise information fo r  energy budgeting valuable to both 
Management and au thor i t ies  responsible fo r  maintaining energy supplies.
I f  in te rna t iona l ly  recognized methodology is adopted comparison of 
energy inputs and outputs fo r  d i f fe re n t  production pathways is made
easier.
3- Chapter 1 - 
How is Energy Defined?
In energy analysis, or energy accounting, the unit of account 
is the joule. A joule is the work done by a force of one newton when 
its  point of application moves one metre in the direction of the force, 
or work done or heat generated by a current of one ampere flowing 
for one second against a resistance of one ohm. One joule per second 
is equal to one watt of power. The state of entropy of a substance 
determines its capacity to do work - the lower the entropy the greater 
the capacity of a substance's thermal energy to do work (see Lustig,
1979; Rotty and Van Artsdalen, 1978). Finney (1976) notes (page 3) 
that
in a universe governed by the second law of thermo­
dynamics under which all systems tend spontaneously 
to states of higher entropy, fuels (having low 
entropy) are unlikely states of matter and their value 
is enhanced as a consequence of their scarcity.
Ideally, available work, which is closely related to Gibb's free energy
(the maximum amount of work obtainable from a mechanical or chemical
process) should be used as a measure of the energy of a substance
but, because of the difficulty in calculating this ,  gross enthalpy
of combustion is generally used instead (IFIAS, 1974, section 4; Slesser,
1976). Gross enthalpy is the total heat content of a system, combustion
taking place in air at one bar pressure and 0°C, with the products
returned to these standard conditions. Table 1.1 shows gross enthalpy
of combustion of some common fuels.
Methodology of Energy Analysis
A workshop organized by the International Federation of Institutes 
of Advanced Studies (IFIAS, 1974) laid down some ground-rules and
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Table 1.1 Gross enthalpy of combustion of common fuels
(Source: Australia , Department of Primary Industry, 1978)
GJ/tonne MJ/1i t r e
Motor s p i r i t 47.14 34.68
Auto d i s t i l l a t e 45.79 38.28
Aviation gasoline 47.35 33.53
L.P. gas (approx.) 50.36 26.25
Black coal (N.S.W.) 27.91
Natural gas (W.A.) 38.19
Firewood (air-dry) 16.20s
Coke 25.13
Methanol 22.40 (from Stewart e t
GJ = gigajoules = 1090; MJ = megajoules = 106J
conventions for energy analysis. The recommendations of th is  workshop 
were confirmed at a second workshop ( IFIAS, 1975), resul t ing in a 
methodology for energy analysis which is in te rnat ional ly  recognized. 
Others have added to th is  methodology (Bullard e t  a l . ,  1976; Perry 
e t  a l , ,  1977) or investigated i t s  general su i t a b i l i t y  for specific 
applications (Finney, 1976; Pearson, 1977), but in th is  study I have 
adhered to IFIAS conventions.
Two main techniques are employed: process analysis and input-
output analysis.
5- Chapter 1 -
Process Analysis
This is the preferred form of energy analysis. It proceeds 
along lines already indicated, i.e. direct and indirect energy required 
at each step of aprocess is summed, together with energy sequestered 
in materials and machines used in the process, to arrive at the gross 
energy requirement. If the products of a process, including inter­
mediate by-products, are destined for combustion as fuel then the 
net energy requirement is the gross energy requirement less the gross 
enthalpy of combustion of these products.
More often than not, energy sequestered in at least some of 
the goods and services used in a process is not known because process
s
analyses for these goods and services have not been carried out. We 
then have recourse to a technique which hinges on knowing the dollar 
value of these goods or services.
Input-output Analysis
The energy which is sued to manufacture or provide a dollar's 
worth of a commodity or service can be found for some countries, including 
Australia, from input-output table spublished periodically. Input- 
output tables show the contribution, in dollar terms, of each sector 
of the economy including energy sectors, to each other sector, enabling 
us to determine the approximate energy sequestered per dollar value 
of the mix of goods and/or services produced by any sector. Published 
papers, such as those by Wright (1974), Kashkari (1978), Herendeen 
(1978) and Leontief (1980), can be consulted for a full explanation 
of the rationale of the method but the mathematical argument involved
is as follows:
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i f  the tables show x  do l la rs  worth of a pa r t icu la r  energy 
source is required to produce one do l la r  worth of goods in 
a pa r t icu la r  sector then, knowing the price per un i t  of that 
source of energy and the gross enthalpy of combustion, i t  
can be calculated that y joules of energy from that source 
are sequestered per do l la r  value of those goods.
Calculations are continued un t i l  a l l  the energy sources used in producing 
the goods have been taken into account.
While input-output tables provide a convenient and rapid method 
of estimating embodied energy once energy coe f f ic ien ts  have been c a l ­
culated, the estimates fo r  ind iv idual products w i l l  not be as accurate 
as those arrived at by process anajysis because numerous d i f fe re n t  
products are lumped together to make up 'sec to rs ' ,  (see ABS, 1979), 
and there are often large errors, usual ly of omission, in gathering 
national s t a t i s t i c s .
Another disadvantage of using the input-output method is the 
time lag between gathering s ta t i s t i c s  and publ ishing input-output 
tables and energy per do l la r  coe f f ic ien ts .  The f ina l  version of the 
Austral ian national accounts for  1968/69 was published in 1978 and 
the energy coe f f ic ien ts  were made avai lable by James in 1980. As data 
handling procedures improve, th is  time lag is being progressively 
shortened. Energy-economic tables fo r  1974/75, 1977/78 and 1978/79 
(James, 1982a; 1982b), though not as comprehensive as those fo r  1968/69 
were published with less delay.
Commonly, both process analysis and input-output analysis 
are employed together in energy analysis.
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Opposition to Energy Analysis
As long as energy analysis is used for energy auditing purposes it
has been generally welcomed as adding to the store of data available
to assist in decision-making and policy-making processes. There has
however, been criticism of the way in which energy from different
sources is added together:
... a KJ of fossil fuel is not necessarily equal to 
another KJ of fossil fuel. A KJ of liquid fuel is 
worth much more to us in terms of dollars, national 
defence and social policy than a KJ of fossil fuel, 
like coal (Doering, 1980).
There has also been talk of discounting energy using the notion that 
a joule of energy now is worth more than a joule in the future. But 
these are economic arguments not thermodynamic ones. In terms of work 
done in driving a process, a joule of available energy from one source 
is identical to a joule of available energy from another and the work 
done is the same irrespective of when that joule is applied. This 
is not to say that separate account should not be kept of the different 
forms of energy which contribute to driving a process, for how else 
can the analysis contribute to monitoring depletion (or accretion!) 
of primary energy resources?
The suggestion, explicit or implied, that energy analysis 
could have normative significance, i.e. that explicit consideration 
should be given to energy efficiency in determining what goods to 
produce and their price, has been vigorously opposed by some
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economists (e.g. Edwards, 1976; Berndt, 1978; Lloyd, 1978).
Others have been cautiously sympathetic to th is  view (e.g. Common,
1977). Georgescu-Roegen (1976), in his phi losophical t rea t ise
"The Entropy Law and Economic Process" says (page 282-83)
i t  would be u t t e r l y  wrong to equate the economic 
process with a vast thermodynamic system and, as 
a resu l t ,  to claim that i t  can be described by 
an equal ly vast number of equations patterned 
af ter  those of thermodynamics which allow no 
discriminat ion between the economic value of 
an edible mushroom and a poisonous one.
He nevertheless holds that ' the basic nature of the economic process
is entropic and that the Entropy Law rules supreme over th is  process
and i t s  evo lu t ion ' .  One or two economists have taken the extreme view
that energy analysis has nothing to o f fe r :  'energy analysis is a
technique looking fo r  a function (Webb and Pearce, 1975).
A col lated rep r in t  of a r t ic le s  on energy analysis from the 
journals of Energy Pol icy and Food Policy edited by Thomas (1977) 
provides a convenient compendium of views at the time when the f ledg l ing  
energy analysis was stre tching i t s  wings.
This study is not concerned in t imate ly  with the energy theory 
of value, only with reckoning of energy inputs and outputs and the 
sign if icance of these to the fu ture of softwood plantat ion fo res t ry
in Austra l ia .
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Energy Analysis for Plantation Forestry
Plantations are especially important in meeting the demand
for softwood in Australia. In 1982/83exotic softwood species provided
38% of the country's sawlogs and plylogs, and 30% of pulpwood by volume
(BAEJ984). By the year 2000, softwood plantations will provide twice
as much sawlog as australia's native forest and about one-third of
the pulpwood (Forwood, 1975, Table V). At March 31, 1983, 70% of
the 774,473 ha under coniferous plantation was planted with radiata
pine (Pinus radiata) , 21% with other species (mainly P. finaster in
Western Australia, P. elliota and P. caribaea in Queensland), and
9% was of non-Pinus species, mainly Araucaria. The profile of annual
\planting between the 1930s and the present is similar to that in Fig.
2.1. From the late 60s, between 30,000-36,000 ha have been planted 
annually with exotic softwood species.
Plantation foresty consists of a number of separate operations 
from preparation of the site for planting to harvesting the final 
crop and transporting it to the mill door (or log yard of the processing 
plant). The age class distribution of the plantation estate being 
as it is, energy inputs to maintenance operations such as pruning, 
and to harvesting operations, must increase substantially as the estate 
grows in size, and as more and more trees mature at between 35-45 
years old.
What are the energy inputs to the various operations of plantation 
forestry? What are the total energy requirements of the Australian 
softwood estate? What forms of energy are required? In not much longer 
than a rotation,petroleum fuels are expected to be in short supply.
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Can plantat ions themselves supply energy to meet the i r  own and national 
needs?
This study, which is the f i r s t  f u l l  energy analysis of fo res t ry  
operations in Austra l ia , attempts to answer these questions. Basic 
data were gathered from a f i r s t  ro ta t ion  radiata pine plantat ion near 
Tumut in the southern highlands of New South Wales where s i l v i c u l tu re  
and management is reasonably representat ive of softwood forests
Austra l ia-wide.
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Chapter Two
COLLECTING DATA FOR TUMUT SUB-DISTRICT 
The Tumut Plantation
The Tumut fo res try  d is t r i c t  is  subdivided, fo r  purposes of 
administration by the Forestry Commission o f New South Wales, in to  
three sub -d is tr ic ts^  - Tumut, Batlow and Tumbarumba. At the outset 
o f the study i t  was thought tha t data covering a number o f years could 
be gathered from both the Tumut and the Batlow s u b -d is tr ic ts .
However, th is  proved impractical bacause of the time needed to c o l le c t ,  
code and check the accuracy o f coding o f data, especia lly  as 
techniques fo r  handling data were being developed at the same time. 
Hence,data fo r  only one year (1977/78) and fo r  one s u b -d is t r ic t  (Tumut) 
form the basis fo r  th is  study.
The Site
The Tumut fo res try  s u b -d is t r ic t  l ie s  in the mountains between 
the township of Tumut and the valley o f the Goodradigbee River west 
o f Canberra (Figure 2.1). Along i t s  southern edge the s u b -d is t r ic t  
borders on the Kosciusko National Park. Elevation is  generally above
Since w r it in g  th is  portion of the thesis the N.S.W. Forestry 
Commission has had major administrative changes. One e f fe c t  
o f th is  has been to change d is t r ic t s  to regions and 
su b -d is tr ic ts  to d is t r ic t s .  However I have retained the old 
nomenclature since the work reported was based on the then 
s u b -d is t r ic t  boundaries.
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1000 metres with peaks r is in g  to 1450 metres. Soils are predominantly 
red earths (GN2.14, Northcote, 1971) overly ing igneous parent materia l. 
Before c learing fo r  p lanting, the native vegetation was mainly 
medium t a l l  to t a l l  open forest o f mountain gum (Eucalyptus dalrympleana), 
sometimes with broad-leafed and/or narrow-leafed peppermint {E. dives,
E, ro b e rtso n ii)  with scattered small stands o f alpine ash {E. 
delegatensis) occurring on moist, cool s ites with deep, well drained 
s o i ls .  E. camphora occupies swampy s ites  and snow gums (E. pauo iflo ra ) 
grow at the higher elevations. The climate, species associations and 
preferred aspects and a l t i tu d in a l  ranges described in 'Resources o f 
the Cotter' (Anon., 1973) apply in broad terms to the Tumut s u b -d is t r ic t .  
More than h a lf  the s u b -d is t r ic t  has now been planted with pines.
GUNDAGAI
CANBERRA
T U M U T #
—  TUMUT FORESTRY 
- J  SUB-DISTRICT
Figure 2.1 Location of the Tumut fo res try  s u b -d is t r ic t
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Plantation history
Figure 2.2 shows the number of hectares planted annually in the 
sub-district since 1928. Practically all the planting has been of Pinus 
radiata D.Don. A modest planting programme of less than 300 ha/yr was carrie( 
on from 1928 t i l l  1936 when planting was suspended for 10 years. Thereafter 
i t  continued on a small scale t i l l  1955 when the planting rate was 
approximately doubled. From 1967, with the exception of 1976, the 
planting rate has been 1000 ha or more per year. As a result of this 
planting pattern the oldest trees in the plantation were nearly 50 years 
old at the time data were gathered but the bulk of the plantation was 
less than 12 years old. An area of 23000 ha had been planted by 
June 30th, 1978.
Most of the planting in the Tumut sub-district has been on 
sites cleared of the original eucalypt forest. Until the 1950s, when 
chainsaws were introduced, clearing was done manually using axes and 
crosscut saws and planting was done amongst the burned remains of 
eucalypt trees. Bulldozers were used for clearing from about 1960 but 
i t  was not until 1971 that uprooted trees were pushed into windrows, 
where they could be burned more effectively, and the land between the 
windrows ploughed to provide a better planting site.
Plantation operations
A brief description of the nine forestry operations recognized 
for the purpose of this study together with work s ta t is t ics  for the 
sub-district for the financial year 1977/78 is given in Table 2.1.
The four le t te r  descriptor in the left-hand column of the table was 
used to represent the operations in computer analyses and in tables
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Table 2.1 A b r i e f  d e sc r ip t io n  of f o r e s t  opera t ions  and work 
s t a t i s t i c s  fo r  the Tumut s u b - d i s t r i c t  p l a n t a t i o n ,  
1977/78.
Operation Descr ip tion
ROAD New roading inc ludes  surveying ,  c l e a r in g ,
forming, dra in ing  and i n s t a l l i n g  c u l v e r t s ,  and 
g ra v e l l in g .  In 1977/78 25 km of new roading 
was cons t ruc ted .  Each kilometre  i s  assumed to 
serve 38 ha.
MAIN
SITE
NURS
Road maintenance inc ludes  grading , minor 
g ra v e l l in g  and r e p a i r s  to bitumen and dra inage .  
In 1977/78 80 km of roads were maintained.
S i t e  p repara t ion  involves  c lea r in g  na t ive  
euca lyp t  f o r e s t  with b u l ld o z e r s ,  windrowing, 
burning and c u l t i v a t i n g  between the windrows 
using a la rge  d isc  plough.
Nursery work inc ludes  c o l l e c t i n g  seed and 
r a i s i n g  one year  old seed l in g s .  In 1977/78 4.22 
m i l l ion  seed l ings  were r a i s e d .  A p lan t in g  ra t e  
o f  1320 seedl ings  per hec ta re  i s  assumed.
ESTB P lan t ing  includes  t r a n s p o r t  of men and seed l ings
to the p lan t ing  s i t e  and p lan t ing  by hand.
TEND Tending includes  hand s la sh in g  of one year  old
euca lyp t  and th ree  y ear  old w a t t l e  regrowth plus 
non-commercial th inn ing  of four year  old p ines .
PRUN Pruning involves  hand saws and shears .  All
t r e e s  are  low-pruned ( to  2m) when they are  8 
years  old and approximately 180 f in a l  crop t r e e s  
are  high-pruned ( to  5.5m) a t  age 12.5 ye a r s .
In 1977/78 1303 ha were low-pruned and 215 ha 
were high-pruned.
PROT P ro tec t ion  e n t a i l s  p ro te c t io n  from f i r e ,  i n s e c t
and fungal a t t a ck  and maintenance of c ap i t a l  
works (excluding roads) over the t o t a l  
p l a n t a t i o n  area .
HARV Harvesting i s  by semi-mechanized means (see
Appendix Figure A . l ) .  Loading, t r a n s p o r t  f o r  an 
average d is tance  of 25 km and unloading are  
included in the h a rves t ing  o p e ra t ion .  31,457 m3 
of f i r s t  t h in n in g s ,  29,316 m3 of second 
th in n in g s ,  delayed f i r s t  th inn ings  and t h i r d  
th inn ings  and 30,221 m3 of f in a l  crop were 
harves ted  from the s u b - d i s t r i c t  in 1977/78.
Area (ha) 
950
3000
661
3200
1327
2893
1518
23473
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and figures appearing in this thesis. Planting has always been done by 
hand in the Tumut sub-district and, as distinct from some d is t r ic ts ,  the 
application of fer t i l izers  and herbicides has not been a feature of 
establishment or tending operations. Harvesting in 1977/78 was done by 
a combination of chainsaw felling and machine skidding or forwarding - 
a system nowadays sometimes termed 'motor-manual'. The harvesting 
operation was later  divided into three sub-operations, viz. felling, 
snigging and hauling. These are described and energy inputs separately 
calculated in Chapter 4.
Plantation production
Data on biomass production, from the Tumut sub-district plantations 
are needed for calculations of theoretical energy outputs described in 
Chapter 5. Foresters generally measure production in terms of volume of 
wood added on to the merchantable boles of trees (butt to 10 cm diameter 
point). Volume increment varies according to such factors as s i te ,  
spacing of trees, thinning intensity and age of the plantation. Sixteen 
(16) cubic metres per hectare per year is often quoted as a rule-of-thumb 
increment for Tumut plantations but the more detailed analysis of 
production given in Table 2.2 suggests the annual increment on the 
merchantable boles may average slightly more than 17 m3/ha over a 40 
year rotation (equivalent to about 10 tonnes (air-dry)/ha.yr).
A more precise estimate of plantation production can be obtained 
by actually weighing biomass - the mass of living plant matter. This 
method is l i t t l e  used as i t  is extremely tedious. However, Forrest & 
Ovington (1970), working in an age series of radiata pine in the 
Billapaloola plantation of the Tumut sub-district, have estimated the 
maximum production of above-ground organic matter to be 22.5 tonnes
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(oven-dry)/ha.yr (approximately 25.9 t  (a ir -d ry )) between ages 5 and 7 
years. This is fo r  a p lantation at approximately standard spacing, 
i . e .  2.4 m x 2.4 m (1700 trees/ha), and includes a l l  above-ground plant 
parts. By th is  stage p ra c t ic a l ly  a l l  biomass is in the trees; grasses 
and herbs having been suppressed. Bolewood growth is 10.9 t  (a i r -d r y ) /  
ha.yr between these ages, r is in g  to a maximum o f 15.6 t  (a ir -d ry ) /h a .y r  
between ages 7 and 9 and then fa l l in g  o f f  again to 12.4 t  between ages 
9 and 12 years. Forrest (1973) combines data from other rep licated 
f ie ld  experiments in southern New South Wales with tha t from B illapa loo la  
from which i t  can be calculated that to ta l bolewood production between 
ages 10 and 20 years averaged 16.0 t  (a ir -d ry ) /h a .y r  and, extrapolating 
from Forrest's f igu res , 14.4 t  between 20 and 25 years, 13.7 t  (25-30
s
years), 11.5 t  (30-35 years), 11.7 t  (35-40 years) and 9.8 t  (40-45 years) 
fo r  thinned plantations. The mean annual bolewood increment when the 
fo res t is  managed fo r  maximum wood production over a ro ta t ion  o f 40 years 
works out at 10.8 t  (a ir -d ry ) /h a . Allowing tha t merchantable bole is 
about 95% o f to ta l bole th is  is  the same rate o f production as derived 
in Table 2.2.
Forrest (1969) quotes from a number o f studies to argue that 
about 16% of the to ta l biomass in a radiata pine p lantation ( i . e .  19% 
o f the above-ground biomass) comprises stumps and roots greater than 
0.5 cm diameter. While below-ground parts were not measured in  the 
B illapa loo la  p lan ta t ion , Forrest & Ovington (1970), extrapo la ting 
from the find ing tha t the weight o f the stumps and roots greater than 
0.5 cm in diameter in an eight year old stand o f radiata pine growing 
near Canberra was about 15% of to ta l tree weight, suggest tha t by age 12 
years there might be of the order o f 22.5 t/ha o f woody material 
underground, i . e .  a mean annual growth rate o f 22.5/12 = 1.9 t /ha .
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Table 2.2 Y ield per hectare o f radiata pine merchantable boles from 
the Tumut s u b -d is tr ic t over a ro ta tion  o f 40 years.
(Source: Forestry Commission, N.S.W.)
Age
( y r )
Product
(m3)
u.b.
Yield
( t )
green
( t )
a ir-d ry  
wood bark
13 T i pulplogs 75 86 31.7 5.1
19 T 2 pulplogs 30 34 12.7 2.1
sawlogs 50 56 27.3 3.3
25 t 3 sawlogs 70 78 38.1 4.6
30 t 4 sawlogs 70 78 38.1 4.6
35 t 5 sawlogs 70 78 38.1 4.6
40 CF sawlogs 330 367 179.9 22.0
695 777 365.9 46.3
Notes
s
T l,  f i r s t  th in n ing ; T2, second th in n ing , e tc . ;  CF, c le a r fa l l ; 
u .b . , under bark
Conversion from volume to green mass:
pulplogs lm3 (u .b .) = 1.142 tonnes in c l.  bark 
sawlogs lm3 (u .b .) = 1.112 tonnes in c l.  bark
Conversion from green mass to a ir  dry mass: 
pulplogs @ 150% moisture content* 
to wood @ 15% m.c. m u ltip ly  by 0.37 
to bark @ 15% m.c. m u ltip ly  by 0.06 
sawlogs @ 98% m.c.
to wood @ 15% m.c. m u ltip ly  by 0.49 
to bark @ 15% m.c. m u ltip ly  by 0.06
* Moisture content is  expressed throughout the thesis as a percentage 
o f the oven-dry mass o f woody f ib re  m a te ria l. The re la tionsh ip  
between the moisture content on th is  basis (odm) and the moisture 
content on a wet mass basis (wm) is  given by the formula:
m.c.(wm)% = m.c.(odm)% 10Q
100 + m.c.(odm)%
Thus 15%(odm) is  equivalent to 13%(wm) and 100%(odm) = 50%(wm)
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Collecting Data for Calculating Energy Inputs
Data needed to calculate inputs of energy for growing and 
harvesting radiata pine in the Tumut sub-district were obtained from 
the Forestry Commission, three logging contractors and a clearing 
contractor. One logging contractor was engaged on f i r s t  thinning, 
another harvested mainly final crop trees and the third combined 
thinning with clearfel1ing. Data obtained from the Forestry Commission, 
one logging contractor and the clearing contractor were specifically 
for the financial year 1977/78. Data from the other logging contractors 
reflected current annual energy use at the time of the interviews in 
May, 1979.
s
Sufficient data were collected to compute energy inputs to 
each of nine forestry operations (see Table 2.1) in the following five 
input categories: fuel and lubricants for machines (fuel),  repairs and
maintenance of machines (repairs), machine manufacture (s teel) ,  goods 
and services (goods), and human labour (labour). Abbreviated names 
for subsequent identification of these categories are given in brackets. 
Data to calculate energy expended at the d is t r ic t  level, as distinct 
from the su b -d is tr ic t  level, e.g. for research, d is t r ic t  officer travel 
and fire control, were also collected. Some of the d is t r ic t  energy 
expenditure was apportioned to the Tumut sub-district in the ratio of 
sub-district expenditure (monetary) to total d is t r ic t  expenditure 
(1:2.7 in 1977/78).
All tasks carried out by Forestry Commission employees or 
machines, and all goods and services purchased by the Commission are 
charged against standard job numbers (from the 'Standard Job L is t1 
current in 1978) as part of the Commission's accounting procedure.
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P ra c tica lly  a ll items charged against the d is t r ic t  and s u b -d is tr ic t  
accounts in  1977/78 and some tha t were not so charged (e .g . e le c t r ic i ty )  
were recorded, together w ith job numbers, on computer data forms.
These data were converted to machine-readable code and, a fte r  data and 
format had been checked fo r accuracy, stored on magnetic tape. Data 
gathered from contractors were s im ila r ly  recorded. Job numbers were 
allocated to one or other o f the nine fo re s t operations described above 
or consigned to 'overheads' to be re d is tr ib u te d  among fo res t operations 
as indicated la te r .  I n i t i a l ly  a category 'o th e r' was reserved fo r  job 
numbers not f i t t in g  in to  any o f the operations or in to  overheads. The 
computer f i le s  which l i s t  job numbers against operations were revised 
to absorb any o f these job numbers where th is  was appropria te, 
otherwise data were deleted, fo r  instance because they applied to 
lo c a lit ie s  other than the Tumut s u b -d is tr ic t  or concerned hardwood 
operations. A l i s t  o f major data f i le s  as well as programme f i le s  
compiled during the study appears in  Appendix Table A . l.  One-page 
examples o f data f i le s  and some o f the programmes w ritte n  to compute 
from these data sets are bound w ith  th is  thes is . Data can be made 
ava ilab le  on request.
The fo llow ing  notes specify what data were gathered and how 
they were acquired.
Plant and vehicles in  use
The number and types o f machines, whether powered or not, working 
in  the Tumut s u b -d is tr ic t ,  and the distances tra ve lle d  o r hours worked on 
d iffe re n t jobs in the period July 1977-July 1978 were obtained from 
fo r tn ig h t ly  returns o f the Forestry Commission and from con trac to rs ' 
records. Wages employees o f the Forestry Commission used a car pool to
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get to work: i t  was assumed tha t 12 passenger vehicles tra ve lled  a
to ta l o f 50 km each day from the township o f Tumut to the p lan ta tion  
and back. Cutters and harvesting p lant operators generally drove 
th e ir  own priva te  vehicles to work. A one-page example o f the data 
record appears as Appendix Table A.2. Plant and vehicles were given 
codes as fa r  as possible conforming w ith those adopted by the N.S.W. 
Forestry Commission o r, i f  a machine was o f a type not coded by the 
Forestry Commission, the Commonwealth Department o f Housing and 
Construction code. For a l i s t  o f the p lant codes used see Appendix 
Table A .5.
Consumption rate o f fu e l,  o i l  and grease
A number o f people o f various organizations (see Acknowledgements) 
were consulted to compile Appendix Table A .3 which shows rates o f 
consumption o f petroleum products by d if fe re n t machine types. The same 
machines working under d iffe re n t loads and on d if fe re n t te rra in  use 
fu e l,  o i l  and grease a t d iffe re n t ra tes; however, a rate had to be 
chosen fo r  average operating conditions since de ta ils  o f the machines 
operating environment were not ava ilab le . Generally operations were 
in  h i l l y  to mountainous te rra in  w ith mainly gravel roads leading 
downhill to wood processing p lants. Figures fo r  consumption o f diesel 
fu e l, o i ls  and grease fo r  most heavy machines were taken from the 
C a te rp illa r Performance Handbook (C a te rp illa r , 1978), using figures 
fo r  medium loading, except in  the case o f front-end loaders used fo r  
loading and unloading logs when the load fac to r was considered to be 
low. Fuel consumption rates fo r  Forestry Commission machines 
calculated from fo r tn ig h t ly  running returns were incorporated in to  
the tab le where they were means o f 10 or more records. La ter, figures
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became ava ilab le  from the Forestry Commission fo r fue l consumption by 
the various machine types in th e ir  f le e t ,  based on fuel returns fo r 
three months from a ll d is t r ic ts .  These figures did not always ta l ly  
well w ith those from Appendix Table A .3 perhaps because o f d ifferences 
in te rra in  and/or road standards. These data were not necessarily 
representative o f Tumut so i t  was decided not to amend the table since 
i t  was already reasonably soundly based.
Repairs and maintenance to machines
Records o f the d o lla r  costs o f a l l  repairs and maintenance, 
and o f ty re  replacement alone, are kept by the Forestry Commission 
fo r  each machine in  i t s  f le e t ,  bofh fo r  the current year and fo r  the 
l i f e  o f the machine. Information from these records fo r  repairs to 
the Tumut machines is  set out in Appendix Table A .4. Where a p a rtic u la r 
machine type -used in Tumut was not represented in  the Commission 
records the table was completed by drawing on con trac to rs ' estimates 
o f repa ir costs and estimates from other sources (see Acknowledgements). 
D irect and in d ire c t energy association w ith each d o lla r  value o f tyres 
and workshop repairs can be found using the inpu t-ou tpu t m atrix approach 
described e a r lie r .
Steel in machines
A certa in  amount o f energy is  embodied in  the steel and 
manufacture o f machines. Appendix Table A .5, which is  compiled from 
various sources (see Acknowledgements), l is t s  the tare weight and l i f e  
expectancy fo r  each machine type, enabling the mass o f machine 
'consumed' per u n it time or distance to be ca lcu la ted . Energy per 
u n it mass co e ffic ie n ts  are given in  Chapter 3.
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Goods and services
Just as energy is embodied in machines, direct and indirect 
energy is used in goods and services. Data obtained from the Forestry 
Commission included all goods and services purchased in the year 1977/78, 
but information volunteered by contractors refers to current annual 
consumption of major items only and is therefore likely to underestimate 
the total goods and services used. Information on both quantities and 
dollar values of all goods and services was gathered and the goods and 
services classified according to the Australian Standard Industrial 
Classification (ASIC) (CBCS, 1975). A one-page example of the data 
record is shown as Appendix Table A.6.
s
Electrical energy (considered a service) used in the sub-district 
and in the d is t r ic t  office did not appear in the Commission records but 
was obtained from records of the Tumut County Council. 1770GJ were
used in 1977/78.
Human labour
Manhours worked in the Tumut sub-district and in the d is t r ic t  
in 1977/78 were obtained from fortnightly wage returns for forestry 
workers and by estimating hours worked by cutters and other contractors 
and salaried officers of the Forestry Commission. A one-page example 
of the data record is shown as Appendix Table A.7.
The detailed records kept by the state forestry authorities - 
in this case the Forestry Commission of New South Wales - provide 
opportunities for energy analysis unrivalled in other primary industries.
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However, there are problems of handling the huge amount of data: 
computer management is essential.  Data was managed broadly in a 
matrix of 9 operations by 5 types of input to each operation. 
Regrettably the time taken to gather i t  was such that data for only 
one year were recorded, but the methodology is now established for 
handling larger data sets in a similar analytical frame. It should 
be possible in future to gather data for energy analysis more readily 
since the required information is recorded in computer-compatible form 
or even entered directly onto computer storage.
- Chapter 3 -
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Chapter Three
ENERGY USED IN GROWING AND HARVESTING 
A FIRST ROTATION RAD I ATA PINE PLANTATION
Computing Energy Inputs to  the Tumut P la n ta t io n ,  1977/78
Energy expended in  each p la n t a t i o n  opera t ion in the Tumut 
s u b - d i s t r i c t  in  1977/78 was ca lc u la te d  f o r  f i v e  inpu t  ca tegor ies  
using programme/data combinat ions shown in  Appendix A.1.
Energy f o r  opera t ions o ther  than h a rv e s t in g
Energy always inc luded d i r e c t  energy (e .g .  in  l i q u i d  f ue l  
used) and i n d i r e c t  energy (e .g .  energy to  make fue l  a v a i l a b le ,  energy 
sequestered in  v e h i c le s ) .  Energy which could not r e a d i l y  be a l l o t t e d  
to  any o f  the nine opera t ions was g e n e ra l l y  put i n to  a category 
'overheads'  and r e - d i s t r i b u t e d  among non-harvest ing opera t ions  in  
p ropo r t ion  to  the energy used in  those opera t ions .  One except ion  
to  t h i s  - a l l o c a t i o n  o f  the energy equ iva len t  o f  p e t ro l  used to  
t ra n s p o r t  men to  and from work -  i s  noted in the next sec t ion .
Some notes on computat ion w i th in  each inpu t  category are given below. 
Fu l l  computat ional  d e t a i l s  are contained in  the re leva n t  programme 
f i l e s  inc luded as Appendix A .18.
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i) fuels and lubricants (fuel)
From a knowledge of distance travelled or hours worked by 
various machine types and using the rates of consumption of fuels 
and lubricants given in Appendix Table A.3, the quantities and energy 
equivalents of petrol, diesel, lubricating oil and grease used in 
each operation could be computed (Appendix Table A.8). The energy 
equivalent of petrol used to transport men, other than cutters, 
to and from work was first allocated to 'overheads' then distributed 
among plantation operations in proportion to manhours worked in each 
operation. The energy equivalent of diesel, lubricating oil and 
grease in overheads was distributed in proportion to actual consumption 
of these in each operation. v
Indirect energy in refined petroleum productswas taken to 
be 12% of the direct energy equivalent of fuels and lubricants, i.e. 
direct plus indirect energy = 1.12 x direct energy. Use of this 
figure is supported by Department of Resources and Energy (1983a) 
which indicates that 3.8 million tonnes oil equivalent (MTOE) was 
required in conversion of 30.8 MTOE of petroleum fuels in 1981-82 
i.e. 12%. It might have been expected that the conversion figure 
in 1977-78, the year under consideration, would be somewhat in excess 
of this since refinery technology is constantly improving, but, 
according to a report on oil refining technology in Australia (Depart­
ment of Resources and Energy, 1983b), energy used in refining crude 
oil in 1977-78 was approximately 10% of energy in marketable oil 
products. Since marketable oil products include chemical feedstocks 
as well as lubricating oils and petroleum fuels, it seems reasonable
27
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to adhere to the f igure of 12%. Department of Resources and Energy 
(1983a) forecasts that energy requirements for  o i l  conversion w i l l  
drop to 10.6% of energy in petroleum fuels by 1991-92.
i i )  repairs and maintenance of machines (repairs)
The input-output matrix approach was used to estimate energy 
used in plant and vehicle repairs and in tyres used in the s u b -d is t r ic t  
in 1977/78. The f igures below are cumulative energy equivalents, 
that is d i rec t  plus ind i rec t  energy per do l la r  value, fo r  the indus t r ia l  
sectors 'repairs  to motor vehicles' (ASIC 48.02) and 'rubber goods'
(ASIC 34.02) from James (1980).
s
repairs (parts and labour) 64.86 MJ/$A(1968)
tyres 61.95 MJ/$A(1968)
These f igures have been compiled from the 1968/69 national 
accounts: in applying these to f ind  the energy equivalent of repairs 
and goods and services (see below) purchased in 1977/78 i t  must 
be assumed that the amount of energy embodied per constant do l la r  
has remained unchanged. This may not be t ru e , fo r ,  as Kashkari (1978) 
argues:
Energy has been very cheap compared to other goods 
and services with the resu l t  that s u f f ic ie n t  care 
was not exercised in using i t .  That s i tua t ion  has 
changed. As the price of energy goes up, every e f f o r t  
w i l l  be made to reduce the consumption of energy to a 
minimum, but in the process the values and the coe f f ic ien ts  
w i l l  change. However, once the energy processes reach 
an optimum level of e f f ic iency ,  the coe f f ic ien ts  w i l l  
s ta b i l ize  at some f ixed value.
James shows tha t ,  overa l l ,  primary energy used in Austra l ia  
per do l la r  value of gross domestic product remained almost constant
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between 1968 and 1976, however this says nothing about fluctuations which 
may have taken place in energy coefficients within sectors. Energy- 
economic tables have been compiled for 1977/78 (James et al, 1982b) but 
industrial sectors have had to be aggregated into 49 super-sectors because 
energy input data were not available separately for each of the 109 se c ­
tors recognised in the Australian national accounts. This has meant that 
energy coefficients are so unspecific in some cases as to be almost m e a n ­
ingless; for instance, energy in 'repairs to motor vehicles' has been 
lumped together with that in 'wholesale and retail trade' and 'other 
repairs' and energy in 'rubber goods' has been lumped with that in 
'miscellaneous manufacturing'. For this reason and for the reason that 
energy cannot be traced back to primary sources using the tables for 
1977/78 (see later section), energy, coefficients have been taken from 
the compilation based on 1968/69 data.
Where particular machines could be identified by their Forestry 
Commission numbers, repairs energy specific to 1977/78 could sometimes 
be computed; otherwise calculation of repair energy was based on mean 
annual repair costs and costs of tyre replacement over the lives of 
machines (Appendix Table A.4).
Energy in tyres is shown separately from energy in workshop 
repairs (parts and labour) in Appendix Table A.9, but these are combined 
under 'repairs' in Table 3.1.
iii) goods and services (goods)
The energy embodied in goods and that required to provide services 
has been computed using figures derived by process analysis where these 
are available (Appendix A.10). Wh e r e  two or more values are shown
- Chapter 3 -
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for a product, the simple arithmetic mean value was used. Otherwise 
figures from James (1980) for cumulative energy per dollar value for 
the appropriate industry sectors were used.
Energy used directly in the form of electricity (467 GJ in 1977/78) 
was multiplied by 3.79 to account for indirect energy for generation and 
supply (Saddler & Davies, 1979) and the resulting direct plus indirect 
energy distributed, together with overheads,amongst forest operations.
The enthalpy of combustion of the bottled gas used (15.7 GJ) was multiplied 
by 1.10 to account for indirect energy (Gartside, 1975) and the resulting 
direct plus indirect energy distributed between nursery and pruning 
operations where Commission records indicated the gas was used. Actually 
most of the gas was used for heating and cooking but since nursery and 
pruning are the most labour intensive operations i ts  allocation to these 
operations is reasonable.
iv) machine manufacture (steel)
Coefficients used to calculate energy embodied in the steel and 
manufacture of machines 'consumed' in the sub-district in 1977/78 were the 
same as those used by Handreck and Martin (1976) from Berry and Fels 
(1972), viz.
tractors, vehicles, powered machinery 88.3 MJ/kg
other machinery 65.7 MJ/kg
Blankenhorn e t  al .  (1978) used coefficients almost twice these but Smith 
and McChesney, in a supplement to Dawson (1978), contend that the values 
of Berry and Fels are better substantiated than the figures of Roller 
e t  a l . (1975) which were used by Blankenhorn e t  al .  Figures of 84.8 MJ/kg 
for car manufacture, 75 MJ/kg for trucks and 80 MJ/kg for tractors derived 
by Croke (1980) are similar to those for powered machinery given above.
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Table 3.1 Direct and indirec t  energy expenditure (GJ), Tumut 
sub -d is t r ic t  1977/78. Figures in brackets are 
percent of to ta l .  (See Figure 3.1).
FUEL REPAIRS GOODS STEEL LABOUR TOTAL
ROAD 7693.5 2965.7 3311.0 1053.1 212.4 15235.7
(24) (50) (19) (22) (7) ( l) (100)
MAIN 1869.5 697.7 404.7 192.4 81.5 3245.8
(5) (57) (21) (13) (6) (3) (100)
SITE 5621.3 1644.0 227.7 852.5 26.9 8372.4
(13) (67) (20) (3) (10) (-) (100)
NURS 653.9 56.0 638.9 30.4 124.6 1503.8
(2) (44) (4) (42) (2) (8) (100)
ESTB 554.2 108.6 20.6 46.9 105.3 835.6
(l) (66) (13) (3) (6) (13) (100)
TEND 527.3 74.6 45.6 22.1 110.2 779.8
(l) (68) (9) (6) ' (3) (14) (100)
PRUN 2262.5 272.8 253.0 77.7 536.5 3402.5
(5) (67) (8) (7) (2) (16) (100)
PROT 948.1 342.2 452.8 143.4 73.2 1959.7
(3) (48) (18) (23) (7) (4) (100)
HARV 21248.2 3915.9 102.1 2247.4 715.1 28228.8
(42) (75) (14) (l) (8) (3) (100)
TOTAL 41378.5 10077.5 5456.5 4665.9 1985.7 63564.1
(100) (65) (16) (9) (7) (3) (100)
Notes
Goods include 17.3 GJ bottled gas and 1770 GJ e le c t r i c i ty .
v) human labour (labour)
Energy of human labour per eight hour s h i f t  has been equated with 
the direc t  and ind irec t  energy of two-thirds of the average daily food 
intake. This adopts the simplis t ic  argument of equating food digested 
on the job with fuel used by machines. I t  has been calculated that  an
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average daily Australian diet has a calorific value of 13.664 MJ but 
this figure must be multiplied by 6.8 to account for the indirect energy 
inputs to growing, harvesting, transporting, packaging, storing and 
preparing food (Watt, 1979). Energy of human labour has therefore been 
counted as 7.7 MJ/hr. The figure used by Blankenhorn e t  al .  (1978) was 
1.34 MJ/hr and by Gifford and Millington (1975) less than 1 MJ/hr but 
these estimates did not include indirect energy sequestered in food. 
Calculations based on (a) treating a person as an energy converter,
(b) measuring actual work output and (c) considering energy residual 
after subtracting metabolic energy requirements, all give figures around 
200 KJ/hr (Smil, 1980).
It might be argued that energy of human labour is undervalued
using the above approaches. Norum (1983) reports that a Swedish
working group calculated that, i f  all energy use in society is viewed
as input required to maintain human capacity for work, 108 MJ/hr would
be attributable to human labour in Sweden in 1956 and 234 MJ/hr in 1972.
Using a similar argument, but working through national energy requirements
per gross domestic product and individual incomes, Novis (pers. comm.)
placed an energy value on labour in New Zealand in 1980 of 89-157 MJ/hr.
This approach is not tenable when the dangers of double counting are
considered. As Casper e t  al .  (Norum, 1983) have said:
If energy used to produce goods and services consumed 
by households is included as inputs to the industry 
for which members of the family work, the same energy 
will have been counted twice, f i r s t  as input to the 
production process, secondly as labour input when the 
product is consumed.
The Swedish working group, Norum, and Casper e t  al .  all recommend 
against using an energy value for labour, preferring instead to quantify 
labour input in hours. As stated in Chapter 2, manhours worked in each 
operation in Tumut plantations were recorded; estimates in these units
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can be retrieved from tables of energy consumption by dividing labour 
energy input figures by 7.7 x 10 .^
Results are included in Table 3.1 and Figure 3.1.
Energy for harvesting
In order to arrive at the best estimate of the energy required to 
harvest radiata pine logs from the Tumut sub-district in 1977/78 the 
energy used by each logging contractor per tonne of green logs was computed. 
The energy inputs were divided into five categories as for non-harvesting 
operations. Since one contractor was engaged on harvesting pulplogs from f i r s t  
thinnings, another in harvesting a mixture of pulplogs and sawlogs mainly from 
second thinnings, and the third harvested sawlogs only, mainly from the final 
crop, this gives a measure of the energy required to harvest different 
classes of logs. Estimates of energy used for supervision by the staff of 
the Forestry Commission have been added in Table 3.2 and the energy require­
ments shown graphically in Figure 3.2. It can be seen that less energy per 
tonne is required to harvest the larger sawlogs than for the smaller pulp­
logs. All three logging contractors were using motor-manual techniques 
(see Appendix Figure A.1).
The figures for harvesting energy given in Table 3.1 were obtained 
by applying the rates of energy consumption shown in Table 3.2 to the
31977/78 sub-district cut of 90,994m which consisted of approximately 
one-third of pulplogs from f i r s t  thinnings, one-third mixed pulplogs and 
sawlogs from later thinnings and one-third sawlogs from the final crop 
(Table 2.1). The quantities and energy contents of oil-derived products 
shown for harvesting in Appendix Table A.8 were similarly derived from data 
in Appendix Table A. 11.
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Table 3.2 Direct plus in d ire c t  energy required fo r  harvesting 
radiata pine in the Tumut d i s t r i c t  (MJ per tonne o f 
green logs).
Pulplogs Only8 Mixed*3 Sawlogs Onlyc
Con FC Total Con FC Total Con FC Total
FUEL# 267 2 269 209 2 211 142 2 144
REPAIRS 48 2 50 41 2 43 20 2 22
GOODS 1 - 1 1 - 1 1 - 1
STEEL 27 - 27 22 - 22 17 - 17
LABOUR 9 - 9 9* - 9 3 - 3
TOTAL 352 4 356 282 4 286 183 4 187
Notes
Energy per tonne is based on cu tt in g , snigging (or forwarding), loading 
hauling and unloading s
a 31,412 tonnes pulplogs ( f i r s t  th in n ing ),
b 40,606 tonnes sawlogs and 14,466 tonnes pulplogs, i . e .  a ra t io  
saw-.pulp = 2.8:1 (mainly second th in n in g ),
c 69,930 tonnes sawlogs (mainly f in a l  crop),
some o f which came from outside the Tumut s u b -d is t r ic t  but from w ith in  
the Tumut d is t r i c t .
Con = Logging contractor
FC = Forestry Commission of New South Wales
* includes an additional 947 tonnes o f pulpwood which was cut only 
(not snigged or hauled),
# fo r  breakdown by fuel type see Appendix Table A .11.
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F I G .  3 . 2  ENERGY CO NS U MP T I O N PER TONNE OF GREEN LOGS
LEGEND
H A R V E S T I N G
I PULPLOGS ONLY
I I  MIXTURE SA>L0GS'PULPL06S ■ 2 .8 « !
I I I  8MLOGS ONLY
LABOUR
STEEL
GOODS
REPA IRS
FUEL
Energy Requirements fo r  a Forty Year F irs t  Rotation
Table 3.1 shows energy used in the Tumut s u b -d is t r ic t  by input 
categories and fo res t operations fo r  one year only, 1977/78. We need 
to know how much energy is  used to grow and harvest a pine p lantation 
over a whole ro ta t ion .
The Tumut s u b -d is t r ic t  p lantation is  not yet managed as a 
'normal1 fo res t,  i .e .  one in which the area planted and the area 
harvested each year, and from year to year, is  the same so that each 
age class occupies a s im ila r  area o f fo res t throughout the ro ta t ion .
As can be seen in Figure 2.2, the area established each year has 
fluctuated; hence the annual energy requirement fo r  each operation 
is  not constant. The energy expenditure found fo r  1977/78 cannot be
36
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used p er  se  as an annual requirement over the whole rotation.
An estimate of this is necessary so that results of this study
can be compared with others and for forecasting the future energy
needs of the plantation estate. Rates of energy expenditure per
hectare derived from figures in Table 3.1 and work sta t is t ics
from Table 2.1 (Table 3.3) can be substituted in a model of plantation
operations to arrive at estimates of energy required over a full
rotation.
Table 3.3 Per hectare energy consumption (MJ) by operations and in 
terms of five energy input categories, Tumut sub-district  
pine plantations 1977/78.
FUEL REPAIRS GOODS STEEL LABOUR TOTAL
ROAD 8099 3122 3485 1108 224 16038
MAIN 623 233 135 64 27 1082
SITE 8504 2487 344 1290 41 12666
NURS 204 17 200 10 39 470
ESTB 418 82 15 35 79 629
TEND 182 26 16 8 38 270
PRUN 1490 180 167 51 353 2241
PROT 41 15 19 6 3 84
HARV (per 
pulplogs
tonne
269
green logs) 
50 1 27 9 356
mixed3 211 43 1 22 9 286
saw!ogs 144 22 1 17 3 187
Note
a ratio sawlogs:pulplogs = 2.8:1
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Model
Table 3.4 very simply models the forestry operations which would 
be involved in a 40 year firs t-rotation plantation. Calculations of 
energy requirements per hectare on a per annum basis shown in the 
table assume that energy inputs to operations throughout the rotation 
are at rates found for Tumut in 1977/78. Some operations are carried 
out only once in a rotation, so the values for energy expenditure per 
year can be calculated by dividing figures in Table 3.3 by the number 
of years in the rotation (40); others, such as road maintenance, may 
be carried out a number of times during the rotation. The energy 
requirements for new roading and si te  preparation have been costed 
wholly to the f i r s t  rotation. It might be argued that the energy 
used in these operations should be spread over the l ife  of the 
plantation; however, the l i fe  of the plantation is unknown and, 
in any case, separate analyses will be necessary for second and 
subsequent rotations. The yield of logs assumed for the f i r s t  rotation 
is from the schedule of thinning reported in Table 2.2.
Energy requirements per operation
The model suggests that 5429 MJ of energy are required per 
hectare per annum to grow and harvest a first-rotation plantation 
of radiata pine. Nearly four-fifths of this energy (4312 MJ/ha.yr) 
is required for harvesting. Energy for new roading is next, 
followed by si te preparation, road maintnenace, pruning and protection.
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Table 3.4 Model o f p la n ta t io n  operations over a 40 year f i r s t  
ro ta t io n  showing energy requirements per hectare 
per annum.
Operation Per ro ta t io n MJ/ha.yr
ROAD once 16038/40 = 401
MAIN s ix  times 1082 x 6/40 = 162
SITE once 12667/40 = 317
NURS once 470/40 = 12
ESTB once 629/40 = 16
TEND twice 270 x 2/40 = 13
PRUN twi ce 2241 x 2/40 = 112
PROT annually
*3"
00II
Sub-tota l s 1117
HARV
pulplogs 86 tonnes 86 x 356/40 = 765
mixed 130 tonnes 130 x 286/40 = 929
sawlogs 560 tonnes 560 x 187/40 =2618
4312
Total Energy Consumption 5429
The nursery o p e ra t io n s ,p ia n ta t io n  establishment, and tend ing, requ ire  
r e la t iv e ly  l i t t l e  energy. The magnitude of energy required fo r  harvesting 
compared w ith  tha t fo r  other operations is  h igh l igh ted  in Figure 3.3. The 
f in a l  bar shows the co n tr ib u t io n s  o f the d i f fe re n t  energy input categories 
to the to ta l  energy requirement.
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F I G .  3 . 3  A N N U A L  E N E R G Y  C O N S U M P T I O N  PE R H E C T A R E  
FOR D I F F E R E N T  O P E R A T I O N S
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Energy by input categories
Energy fo r  growing and harvesting a f i r s t  ro ta tion  has been 
s p l i t  in to  input categories in Table 3.5 assuming tha t the energy 
expended in each operation was divided by input category in the same 
ra t io  as i t  was fo r  the Tumut s u b -d is tr ic t in 1977/78 (Table 3.1 and 
Figure 3 .1 ). Differences in  to ta ls  between Table 3.4 and Table 3.5 
are due to rounding.
Table 3.5 Antic ipated energy requirements (MJ/ha.yr) by input 
category fo r  a 40 year f i r s t  ro ta tion  p lan ta tion  of 
radiata pine based on management practices in the 
Tumut d is t r ic t  o f New South Wales. Figures in brackets 
are percentages o f to ta l energy expenditure.
FUEL REPAIRS GOODS STEEL LABOUR TOTAL
ROAD 202 78 87 28 6 401
MAIN 93 35 20 10 4 162
SITE 213 62 9 32 1 317
NURS 5 - 5 - 1 11
ESTB 11 2 - 1 2 16
TEND 9 1 1 - 2 13
PRUN 74 9 8 2 18 111
PROT 41 15 19 6 3 84
HARV 3279 555 19 367 90 4310
TOTAL 3923 (72) 757 (14) 168 (3) 446 (8) 127 (2) 5425 (100)
( i )  fue l
Nearly three-quarters o f the to ta l energy required to grow and 
harvest a f i r s t  ro ta tion  radiata pine p lanta tion  is  needed in the form
41
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of fuel and lubricants for machines. Assuming the pattern of fuel use is 
the same as for 1977/78 (Fig. 3.4 and Appendix Table A.8), the requirement 
for petrol and diesel for d iffe ren t operations is as shown in Table 3.6.
A tota l of 26 litre s  of petrol and approximately 65 li t re s  of diesel 
is required annually per hectare. Harvesting accounts fo r 77% of the 
petrol and 85% of the diesel requirements. Although pruning is a 
manual operation, the requirement for petrol fo r th is operation is 
higher than for any other except harvesting, reflecting the high energy 
cost of transporting men about in the forest. Furthermore i t  has been 
estimated that 200,000 li t re s ,  or about ha lf the to ta l petrol consumed 
in a ll operations in 1977/78, were used simply to transport men to the 
forest and back to the ir homes. Nqxt a fter harvesting, in order of 
requirement for fue l, come the operations 'new roading' and 's ite  
preparation'. The operations using a high proportion of diesel 
fuel can be iden tified  in Figure 3.4.
Table 3.6 Petrol and diesel requirements per operation for a f i r s t  
rotation radiata pine plantation in the Tumut d is tr ic t  
( litre s /h a .y r ) .
Operation Petrol Diesel
ROAD 1.0 3.7
MAIN 0.5 1.7
SITE 0.9 4.0
NURS 0.1 -
ESTB 0.3 -
TEND 0.2 -
PRUN 1.9 -
PR0T 0.9 0.1
HARV 20.0 55.4
TOTAL 25.8 64.9
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F I G .  3 . 4  P E T R O L » D I E S E L  AND L U B R I C A N T S
AS P R O P O R T I O N  OF T O T A L  F U E L  E N E R G Y  
I N  E A C H  O P E R A T I O N .  TU MU T  1 9 7 7 / 7 8
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(ii) repairs
A surprisingly high proportion (14%) of the total energy 
required to grow and harvest a f i r s t  rotation radiata pine plantation 
is largely indirect energy sequestered in tyres and workshop repairs 
to machines. The requirements of different forest operations for 
repair energy (Table 3.7) rank roughly the same as for fuel energy. 
Harvesting has the greatest requirement - 522 MJ/ha.yr of a total 
of 725 MJ/ha.yr. Heavy, hard-working diesel machinery engaged on road 
building can be expected to consume energy for repairs amounting to 
almost 40 percent of that in the fuel used to operate the machines.
By contrast, for pruning, where light petrol vehicles are used, repair 
energy is only about twelve percent of fuel energy.
Table 3.7 The energy requirement per operation associated with
tyres and workshop repairs for a f i r s t  rotation radiata 
pine plantation (MJ/ha.yr). Figures in brackets are 
percentages.
Operation Tyres Workshop Total
ROAD 3.3 (4) 74.6 (96) 77.9 (100)
MAIN 4.9 (14) 30.2 (86) 35.1 (100)
SITE 2.7 (4) 59.4 (96) 62.1 (100)
NURS - (-) 0.4 (100) 0.4 (100)
ESTB 0.1 (4) 2.0 (96) 2.1 (100)
TEND 0.2 (17) 1.1 (83) 1.3 (100)
PRUN 0.9 (10) 8.2 (90) 9.1 (100)
PROT 0.6 (4) 14.0 (96) 14.6 (100)
HARV 211.7 (41) 310.3 (59) 522.0 (100)
TOTAL 224.4 (31) 500.2 (69) 724.6 (100)
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For most operations energy in tyres is a relatively small 
proportion of total energy in repairs. For harvesting, energy 
sequestered in tyres accounts for about 40% of the total.
( i i i )  goods
According to Table 3.5, the energy requirement associated 
with goods and services is greatest for roading where large 
quantities of explosives, gravel, concrete pipes and culverts are 
used. Overall, goods and services appear to require only about 3% 
of the total energy but, as already stated, goods and services supplied 
to harvesting operations have, almost certainly, been underestimated.
s
(iv) steel
The total indirect energy sequestered in machines is about 
8% of the total energy required to grow and harvest a f i r s t  rotation 
radiata pine plantation. Most of the energy is sequestered in 
harvesting machinery; next comes energy in machines used in road 
construction, then energy in machines used for site preparation.
(v) labour
The International Federation of Institutes of Advanced Studies 
( I FIAS, 1974) suggest that human energy can be ignored in energy 
analyses unless a labour-intensive process such as subsistence 
agriculture is being analysed. Table 3.5 shows the proportion of 
energy attributable to human labour to be relatively high for planting, 
raising seedlings, tending and pruning but insignificant overall - only 
about 2% of the total energy required for a f i r s t  rotation. It must be 
recalled, however, that the calculations of energy of human labour are
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based on the narrow concept of man requiring only food to do work.
The computations described in this chapter indicate that about 
5.4 GJ of energy is required annually to grow and harvest each hectare of 
a radiata pine plantation. Nearly three-quarters of this is used directly 
as liquid fuels and lubricants for machines.
Since energy used in harvesting constitutes so great a proportion 
(nearly four-fifths) of the total energy requirement, the energy inputs 
to component parts of this operation are examined in more detail in the 
next chapter.
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Chapter Four
ENERGY INPUTS TO HARVESTING EXAMINED
Energy Inputs to Sub-operat ions  of Harvest ing
Three sub-opera t ions  of ha rves t ing  were recognised when 
ga ther ing  informat ion on energy inputs  from harves t i ng  c o n t r a c t o r s .  
As a l r eady  s t a t e d ,  one co n t r a c t o r  was engaged in pulpwood logging 
only,  another  in logging fo r  sawmil l ing only and a t h i r d  in mixed 
logging.  The sub-opera t ions  are:  s
( i )  f e l l i n g  - f e l l  t r e e s ,  t r im l imbs,  cut  to length (bunch 
logs from f i r s t  t h i nn in g s ) ;
'I
( i i )  snigging - snig and bunch or forward logs ,  load;
( i i i )  haul ing - t r a n s p o r t  logs to process ing p l an t  and unload,  
t rucks  r e t u r n  to f o r e s t  empty.
Table 4.1 shows, f o r  each cont ractor ,  energy used for  each 
ha rves t i ng  sub-opera t ion subdivided in to  the  four  energy input  c a t e ­
go r i e s :  f u e l ,  r e p a i r s ,  s t ee l  and labour .  Energy in the  category
'goods '  could not be appor t ioned among sub-opera t i ons :  t o t a l  goods 
energy used by each c on t r ac t o r  has been d ea l t  with in Chapter Three.  
Energy inputs  assoc i a t ed  with c u t t e r s  and p l an t  opera tor s  running 
t h e i r  p r i v a t e  vehic l es  to and from work in the f o r e s t ,  are included 
in the  e s t i ma t e s .
1 A forwarder  picks up and loads logs onto the r ea r  of the machine 
before  t r a n s p o r t i n g  them to the roads ide .
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Table 4.1 Energy requirements fo r  logging radiata pine 
(MJ/tonne)
Contractor :  03 Pulplogs only
Fe l l ing Snigging Hauling Total
Fuel 107.40 55.55 110.75 273.69
Repairs 15.20 20.57 12.81 48.57
Steel 8.24 5.42 13.79 27.44
Labour 7.50 .97 .90 9.37
Total 138.33 82.51 138.25 359.08
Contractor :  04 Mixed pulplogs and sawlogs
Fe l l ing Snigging Hauling Total
Fuel 48.64 81.62 82.65 212.91
Repairs 17.64 8.54 14.86 41.05
Steel 3.24 8.15 10.33 21.72
Labour 6.85 1.74 .87 9.46
Total 76.36 100s. 05 108.72 285.13
Contractor:  05 Sawlogs only
Fuel
Fe l l ing  
18.67
Snigging
45.36
Hauling
82.59
Total
146.62
Repairs 5.62 5.38 9.31 20.31
Steel 1.50 4.91 10.32 16.73
Labour 1.79 .91 .41 3.11
Total 27.58 56.56 102.62 186.77
Fuel Energy
Most of the energy used by each contrac to r  - around th ree-  
quarters of the to ta l  - was used as f u e l . The to ta l  amount of fue l  
energy and the proport ion consumed in each sub-operat ion were d i f f e r e n t  
fo r  each con trac to r .  About the same amount of fue l  energy was used 
in the f e l l i n g  sub-operat ion as in the haul ing sub-operat ion (107MJ/t
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cf. 111MJ/t) when harvesting pulplogs only, while considerably less 
(19MJ/t) was used in felling sawlogs only. The contractor harvesting 
a mixture of pulplogs and sawlogs used an amount of fuel energy 
for felling intermediate between that of the other two contractors 
(49MJ/t).
The considerably greater amount of fuel energy required 
for snigging a mixture of sawlogs and pulplogs (82MJ/t) than that 
required for either pulplogs only or sawlogs only (56MJ/t and 45MJ/t 
respectively) possibly reflects inefficiencies in using equipment 
optimally suited to a certain log size range to handle other log sizes.
Hauling appears to require more fuel energy per tonne for 
pulplogs than for sawlogs or a mixture of sawlogs and pulplogs (111MJ/t 
cf. 82MJ/t). This is presumably due to lower loading per journey.
The ratio of tonnes carted to kilometres travelled for each contractor 
was
contractor t/km
03 0.27
04 0.35
05 0.36
The amounts and types of petroleum products used in each 
of the sub-operations by each logging contractor in 1977/78 are 
shown in Table 4.2. The greatest, separately identifiable, useage 
of fuel energy was as petrol in felling trees for pulp (101MJ/t).
The fact that fuel useage was markedly less in this sub-operation 
for the other two contractors (45MJ/t and 18MJ/t) reflects the greater 
output per cutter when felling large trees compared to smaller ones,
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Table 4.2 Fuel consumption for harvesting radiata pine 
(per tonne green logs)
Contractor: 03 Pulplogs only
Petrol Diesel Oil Grease Petrol Diesel Oil Grease All
(L) U) (L) (Kg) (MJ) (MJ) (MJ) (MJ) (MJ)
Fell 2.611 .000 .125 .001 101.46 .00 5.89 .04 107.40
Snig .286 .990 .038 .004 11.11 42.45 1.80 .18 55.55
Haul .000 2.338 .070 .006 .00 100.29 3.31 .28 103.88
Contractor: 04 Pulplogs and sawlogs
Petrol Diesel Oil Grease Petrol Diesel Oil Grease All
(L) (L) (L) (Kg) (MJ) (MJ) (MJ) (MJ) (MJ)
Fell 1.169 .000 .067 . .000 s 45.44 .00 3.17 .02 48.64
Snig .103 1.736 .061 .006 4.01 74.45 2.88 .29 81.62
Haul .000 1.765 .051 .004 .00 75.69 2.39 .21 78.29
Contractor: 05 Savjlogs only
Petrol Diesel Oil Grease
(L) (L) (L) (Kg)
Fell .457 .000 .019 .000
Snig .148 .876 .040 .003
Haul .000 1.750 .053 .004
Petrol Diesel Oil Grease All(MJ) (MJ) (MJ) (MJ) (MJ)
17.77 .00 .90 .01 18.67
5.74 37.60 1.88 .14 45.36
.00 75.07 2.47 .21 77.75
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and the cutters'  use of their own private motor vehicles to travel 
to and from work. More cutters per unit output of logs were employed 
by contractor 03 than by either contractor 04 or 05.
Diesel supplied all the fuel energy used in hauling and 
supplied 85% and 95% of the total fuel energy for snigging sawlogs 
and mixed sawlogs and pulplogs respectively, and 74% of the fuel energy 
for snigging pulplogs.
Repair Energy
The next greatest input of energy, after fuel, is for repairs 
to machinery, plant and vehicles (Table 4.1). Both total expenditure 
of repair energy and pattern of expenditure vary considerably between 
contractors. Surprisingly, energy consumption for repairs in the 
felling sub-operation is somewhat greater (per tonne) than for hauling 
for two out of^the three contractors. This, in part, reflects heavy 
energy cost for chainsaw maintenance, but i t  must be noted that 
an allowance for repairs to cutters'  private vehicles is included 
in this sub-operation also. Repair energy for the contractor engaged 
in logging for sawlogs only is substantially less than for the other 
two because of the much greater volume (weight) of wood yielded 
per cut. Thus there are fewer cutters and fewer private vehicles 
involved.
For both the snigging and felling sub-operations more energy 
is expended in workshop repairs than is sequestered in tyres with 
one exception (Table 4.3); however, in the hauling sub-operation, 
energy in tyres is greater than in workshop repairs for two out of 
three of the contractors.
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Table 4.3 Repair energy f o r  c on t rac to rs  (MJ/t)
CONTRACTOR: 03 PULPLOGS ONLY
Tyres Parts and Labour Tota l
FELL 1.2 14.0 15.2
SNIG 3.1 17.5 20.6
HAUL 4.3 8.5 12.8
TOTAL 8.6 39.9 48.6
CONTRACTOR: 04 MIXED PULPLOGS AND SAWLOGS
Tyres Parts and Labour Tota l
FELL 0.7
s
16.9 17.6
SNIG 7.3 1.3 8.6
HAUL 11.4 3.5 14.9
TOTAL 19.4 21.7 41.1
CONTRACTOR: 05 SAWLOGS ONLY
Tyres Parts and Labour Total
FELL 0.3 5.3 5.6
SNIG 1.8 3.5 5.4
HAUL 7.1 2.2 9.3
TOTAL 9.2 11.0 20.3
Steel Energy
Less than ten percent o f  the t o t a l  energy consumed by each
c o n t ra c to r  i s  in  the s tee l  and manufacture o f  machines, most ly  in
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trucks used in the hauling sub-operation (Table 4.1). For one contractor 
- contractor 03, pulplogs only - steel energy for felling was higher 
than for snigging, again reflecting heavy use of private vehicles 
for transport to and from work. For the other two contractors, steel 
energy for snigging was twice that for fell ing. This is not surprising 
considering the much heavier equipment used for snigging.
Labour Energy
Energy of human labour accounted for 5% of the total energy 
used for felling pulplogs only (Table 4.1). Although contractor 
04 expended somewhat less labour energy, the proportion of the total 
energy used in felling was higher (x9%). Six percent (6%) of the 
energy used by contractor 05 for felling was contributed by human 
labour. The contribution was negligible (less than 2%) in other 
sub-operations for all three contractors.
Factors Influencing Harvesting Energy 
Increasing Mechanization
A semi-mechanized (motor-manual) system of harvesting, 
employing men with chainsaws to fell  the trees and a forwarder or 
snigger to move logs to the roadside, was in use in Tumut at the 
time data were gathered. Recently, with a pulpmill and a chipboard 
factory taking wood from the plantation, a mechanized system (fel ler-  
buncher and log processor) has been introduced. The basic differences 
in the two systems are i l lustrated in Appendix Fig. 1. Gasslander
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e t  a l .  (1979), who studied the energy requirements of a mechanized 
and semi-mechanized system in mixed Scots pine (Pinus s y l v e s t r i s )
- spruce (Pi c ea  a b i e s )  forest in Sweden,show that three to four 
times as much energy is required to remove logs from stumps to road­
side using mechanized harvesting as is required using a semi-mechanized 
system. Some of their results are given in Table 4.4. It can be 
seen that the smaller the log diameter the greater the difference 
in energy required.
Table 4.4 Direct and indirect energy requirements for mechanized 
and semi-mechanized harvesting - stump to roadside 
(from Gasslander e t  a l .  , 1979)
Semi-mechanizedv Mechanized
Fell Snig Total Total
dbh MJ/m3 MJ/t* MJ/m3 MJ/t MJ/m3 MJ/t MJ/m3 MJ/t
15 30.1 26.4 28.6 25.0 58.7 51.4 230.1 201
20 17.7 15.5 28.2 24.7 45.9 40.2 162.5 142
30 10.0 9.0 27.9 25.1 37.9 34.1 122.7 110
* Assumes volume to green mass conversion using factors for radiata 
pine (Table 2.2)
Operator Transport and Haulage Distance
Modelled fuel use by mechanized and semi-mechanized logging 
systems, including fuel used for transporting operators to and from 
the forest, suggests that 86% more fuel is required by the mechanized 
system than for the semi-mechanized system when the forest is assumed 
to be 25km from workers' homes (McCormack & Wells, 1982). When the 
distance to the forest is assumed to be 50km,the difference falls
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to 38%. Fuel consumption for operator transport in semi-mechanized 
harvesting, allowing that operators travel to work independently 
in their own private vehicles, was calculated to be the equivalent 
of that required for chainsaw operation when travel distance is 
25km, but twice that for chainsaw operation when travel distance 
is 50km. Operator transport is a much less important component of 
mechanized harvesting, there being fewer operators.
Obviously the requirement for fuel and repair energy for 
the hauling sub-operation increases in direct proportion to increasing 
log haul distance, progressively reducing the impact of mechanization 
in the felling and snigging phases of harvesting on the total energy 
required for the whole harvesting operation. Bent et al. (1978) 
found that, even though mechanization could lead to more than a 
doubling in the energy requirement for harvesting operations within 
the forest, i.e. felling and snigging, the fuel used to harvest 
wood by fully mechanized means and transport it 72km to pulpmills 
was never more than one-third above that required to supply wood 
harvested by a motor-manual system. This result is similar to that 
reported by McCormack and Wells (above).
Class of Log
Energy amounting to 84MJ/t is estimated to have been required 
to fell and snig sawlogs from mainly final crops in the Tumut p l a n ­
tation in 1977/78 (Table 4.1). For harvesting a 3:1 mixture of sawlogs 
and pulplogs energy amounting to 176MJ/t was required, and for pulp- 
logs from first thinning the energy requirement for felling and 
snigging was 221M J / t . So, as noted above in relation to the results
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of Gasslander e t  a l . , considerably more energy per unit  weight is 
required for  small logs than fo r  larger logs.
Trends in Harvesting
For the Tumut operations there was not a great deal of 
di f ference in the to ta l  energy expended in the three component sub­
operations of harvesting, v iz .  f e l l i n g ,  snigging and haul ing, at 
least in the cases of pulpwood logging and logging fo r  mixed 
sawlogs and pulpwood. Energy inputs to the stump to roadside operations, 
f e l l i n g  and snigging, become substan t ia l ly  greater as operations 
become more mechanized, but so too cloes energy expenditure on hauling 
as wood is transported fu r the r  away, fo r  instance to a pulpmil l  
in Albury (distance 240km) and a medium density f ibreboard plant 
in Wagga Wagga-(130km). Improved u t i l i z a t i o n  of smaller logs from 
second and th i rd  thinnings, and the changing age class d is t r ib u t io n  
of the fo res t ,  w i l l  also lead to increased energy use per hectare 
At the time of the study, pulplogs came only from f i r s t  th inning 
operations and the ra t io  of pulplogs to sawlogs was the inverse of 
that today, i . e .  2:1 cf 1:2 (Table 4.5).
3
Table 4.5 1977/78 cut (m ) and anticipated annual cut
(1981-1984), Tumut s u b -d is t r ic t .
77/78 1981 1982 1983 1984
Sawlog 59,809 100,400 119,400 121,900 121,900
Pulpwood 31,184 60,000 179,000 253,000 253,000
90,993 160,400 296,400 374,900 374,900
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The energy inputs to harvesting found in the Tumut study are 
considerably higher than those found by Gasslander et al. (1979), 
and by McCormack and Wells (1982). This is likely to be a reflection 
of the inefficiencies of energy use in actual year-round operations 
compared to modelled operations and energy use observed in the short 
term. If this is so, it indicates that there is room for energy 
savings by more efficient working methods under the stimulus of 
energy auditing.
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Chapter Five
NET ENERGY YIELD FROM A PLANTATION
Calcula t ion o f  Net Energy Yield and Energy Ratio
The gross energy required annually to grow and harves t  each 
hectare o f  a f i r s t  ro ta t ion  radiata  pine p lantat ion  in the Tumut 
s u b - d i s t r i c t  has been est imated in Chapter 3. To arr ive  at  the 
th e o r e t i c a l  n e t energy requirement -  def ined  as the gross energy 
requirement o f  a process l e s s  the enthalpy o f  combustion o f  the 
products where these  are combustible - i t  i s  necessary to know the 
energy p o t e n t i a l l y  a v a i la b le  from the p lan ta t ion .  Normally, net  
energy requirement i s  p o s i t i v e  but in the case o f  primary production  
where there  i s  energy input from the sun via p h otosyn th es is ,  i t  can 
be n ega t ive .  Energy a n a l y s i s ,  being concerned with d ep le t ion  o f  
g lo b a l l y - s t o r e d  energy,  does not take d i r e c t  so la r  energy into  
account: i t  i s  considered a ' f r e e 1 energy source.  We s h a l l  see
that  producing,  harves t ing  and d e l iv e r in g  softwood from p lan ta t ion s  
to process ing  plants  does indeed have a th e o r e t i c a l  negat ive  net  
energy r e q u ir e m e n t , i . e . the energy y i e l d  i s  greater than the energy 
input.  Net energy y i e l d  -  the gross energy y i e l d  (energy output) 
minus the gross energy requirement (energy input)  - i s  therefore  
ca lcu la ted  ins tead  o f  net  energy requirement so that  we are dea ling  
with p o s i t i v e  va lues .  The energy r a t io  i s  ca lcu la ted  as the r a t io  of  
gross energy output to gross energy input.
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The energy content of wood and bark of radiata pine has 
been equated with the energy released at the time of direct combustion 
(enthalpy) of air-dry material. In calculations of 
net energy yield, this is presumed to take place at the door of the 
wood processing plant. Calculations are done on an air-dry (15% 
moisture content) basis since woody material could eventually reach 
this stage naturally: to get wood into an oven-dry state would
require input of energy and no allowance has been made for this. 
Similarly, no allowance is made here for conversion of roundwood to 
forms more suited for use as a fuel. The net energy yields calculated 
are thus theoretical maxima for each of the four uti lization options 
examined. Conversion of wood to different forms of fuel, e.g. charcoal, 
wood gas and alcohol, all entail a loss of some energy compared to 
direct combustion due to inefficiencies of the conversion process.
Such conversion will be discussed later.
Two of the four options which will be examined involve 
harvesting only softwood from the Tumut plantation, but two also 
involve harvesting eucalypt wood le f t  on the plantation s i te  after 
clearing native vegetation. Apart from the better utilization of 
wood, none of these options imply any major departure from plantation 
management as practised at the time of data collection.
'Windrowing' is now a standard procedure when clearing 
eucalypt forest for plantation establishment. This
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e n t a i l s  pushing up f e l l e d  euca lypt  t r e e s  in to  long p a r a l l e l  rows so 
t h a t  the  ground between the windrows can be c u l t i v a t e d .  S t r i c t l y ,  
according to the gu ide l ines  fo r  energy a n a ly s i s  l a id  down by the I FIAS 
(IFIAS, 1974), i f  t h i s  wood i s  burned, the  enthalpy of combustion should 
be included as an energy input to  growing p ines .  Two es t im ates  of net  
energy y i e ld  and energy r a t i o  have th e re fo re  been made fo r  each 
u t i l i z a t i o n  o p t i o n , one inc luding the energy re leased  by burning 
windrows as an input and the o the r  ignoring i t .  Enthalpy of combustion 
has been taken as 16.7 G J / t ( a i r - d r y )  fo r  the  wood of r a d i a t a  pine 
(Fung e t  a l .  , 1968) and 17.5 GJ/ t  f o r  the  bark(based on the f a c t  t h a t  
Madgwick e t  a l .  (1977) found a d i f f e r en c e  of  0 .8  GJ/ t  f o r  wood and 
bark of  r a d ia t a  pine d r ied  a t  60°C), and 15.6 GJ/ t  f o r  a i r - d r y  euca lyp t  
wood (Fung e t  a l .  , 1978).
Option I - u t i l i z i n g  merchantable boles only
The 'merchantable '  bole of  a pine extends from the stump about 
5cmabove ground to a small-end diameter of 10 cm. The y i e ld  of 
merchantable boles from Tumut p l a n t a t i o n s ,  d iv ided in to  wood and bark ,  
i s  shown in Table 2 .2 .  The energy inpu t  to  growing and h a rves t ing  
these  merchantable boles has a l ready  been c a lc u la te d  (Table 3 .4 ) .  The 
ne t  energy y i e ld  and energy r a t i o ,  assuming merchantable boles only 
are ha rves ted ,  are  ca lc u la t e d  below.
Yield (tonnes a i r - d r y  per hec ta re  per annum)
merchantable bole
wood 365 .9 t /40yr  = 9.15 bark 4 6 .3 t /4 0 y r  = 1.16
Energy Output (GJ/ha .yr)
wood 9 .15 t  x 16 .7GJ/t = 152.8
bark 1.161 x 17 .5GJ/t = 20.3
t o t a l 173.1
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Energy Input (GJ/ha.yr)
merchantable bole (from chapter 3) = 5.4
burning windrows 212t*/40yr x 15.6GJ/t = 82.7
total (incl. windrows) 88.1
Net energy yield (GJ/ha.yr)
not incl. windrows 173.1 - 5.4 = 167.7
incl. windrows 173.1 - 88.1 = 85.0
Energy ratio
not incl. windrows 173.1/5.4 = 31.8:1
incl. windrows 173.1/88.1 = 2.0:1
* see Option III
Option II - utilizing total boles plus stumps
There is potentially more energy to be got from a plantation 
than from merchantable boles alone. Assuming i t  would not be practical to 
remove the small amount of non-pine material and small roots, and 
ecologically undesirable to deplete the si te of nutrients by removing
ä
branches and foliage , the stumps and non-merchantable boles are available 
as potential additional energy sources. Account must be taken of the 
additional energy required to harvest this material.
Taking the merchantable bole to be 95% of the total bole mass
(Forrest & Ovington, 1970), and using the conversion factors in the notes
to Table 2.2, there are an additional 19.3 tonnes of air-dry wood and 2.4
tonnes of air-dry bark (equivalent to 37 tonnes of green logs for the
purpose of calculating additional harvesting energy involved) in non-
merchantable boles which could be harvested from a hectare in a full
rotation. This would give a total bole yield per year, including bark,
of 9.15 + 1.16 + ((19.30 + 2.4J/40) = 10.85t(air-dry)/ha.
# Madgwick e t  al.  (1977) found that, while foliage was only 3% of the 
biomass of a 22 year old radiata pine plantation i t  contained 35% of the 
nitrogen and phosphorus bound up in the trees.
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Forrest (1969) quotes from a number of studies to argue that 
about 16% of the to ta l biomass in a radiata pine p lantation comprises 
stumps and roots greater than 0.5 cm diameter. This means that the mass 
o f stumps and roots is  equal to about 19% of above-ground mass. Pine 
boles comprise about 85% of the to ta l above-ground mass (Madgwick e t  a t .  , 
1977) so the above-ground mass fo r  the Tumut p lantation can be taken as 
10.85/0.85 = 12.76 t (a i r -d ry ) /h a .y r .  The y ie ld  of stumps and roots is 
therefore 12.76 x 0.19 = 2.42 t (ai r -d ry ) /h a .y r  (equi valent to 4.4 t /h a .y r  
green logs). Assuming the same proportion o f bark to wood fo r  roots as 
fo r  boles, 2.151 of th is  is wood and 0.27t is  bark.
The net energy y ie ld  and energy ra t io ,  assuming to ta l boles plus 
stumps are harvested, are calculated below.
Yield (tonnes a ir -d ry  per hectare per annum) 
merchantable bole (as fo r  Option I)
wood = 9.15 bark = 1.16
non-merchantable bole
wood 19.3t/40yr =0 . 48 bark 2 .4 t/40yr = 0.06
stump
wood = 2.15 bark = 0.27
to ta l 11.78 1.49
Energy Output (GJ/ha.yr)
wood 11.78t x 16.7GJ/t = 196.7
bark 1.49t x 17.5GJ/t = 26.1
to ta l 222.8
62
- Chapter 5 -
Energy Input (GJ/ha.yr)
merchantable bole (as fo r  Option I) 5.4
non-merch. bole* 37.0t/40yr x 0 .534GJ/t 0.5
stump* 4 .4 t x 0.534GJ/t — 2.3
to ta l (not in c l .  windrows 8.2
burning windrows (as fo r  Option I) =z 82.7
to ta l ( in c l .  windrows) 90.9
Net energy y ie ld  (GJ/ha.yr)
not in c l .  windrows 222.8 - 8.2 = 214.6
in c l .  windrows 222.8 - 90.9 131.9
Energy ra t io
not in c l .  windrows 222.8/8.2 = 27.2:
in c l .  windrows 222.8/90.9 = 2.4:
* Assumes energy per tonne required to harvest non-merchantable boles 
and stumps to be 1.5 times tha t required fo r  pulplogs (see Table 3.2), 
i .e .  1.5 x 0 .356GJ/t = 0.534GJ/t
Option I I I  - u t i l i z in g  to ta l boles plus stumps plus eucalypt wood 
remaining a f te r  burning windrows
Measurements made during a burning exercise in 1968 in a 
representative compartment in the Tumut s u b -d is t r ic t  (compartment 545) 
indicate tha t about 212 tonnes (a ir -d ry ) /h a  of p lant m ateria l, consisting 
o f leaves, twigs and branches of fe l le d  eucalypts and other native 
species, might be consumed when windrows are burned (P. Cheney, pers. 
comm.). The measurements also ind icate that about 309 tonnes o f wood 
in a semi-green condition might remain a f te r  burning (equivalent to 
222 tonnes a ir -d ry  i f  60% m.c. assumed). The theore tica l net energy 
y ie ld  and energy ra t io  fo r  a f i r s t  ro ta t io n ,  assuming th is  wood was 
harvested together with the boles plus stumps of radiata pine, are
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ca lcu la ted  below.
Yie ld  (tonnes a ir -d ry  per hectare per annum) 
to ta l  bole plus stump (as fo r  Option I I )
pinewood = 11.78 bark =
eucalypt wood remaining a f te r  burning windrows
euc. wood 222.0 t/40yr = 5.55
Energy Output (GJ/ha.yr)
pinewood 11.78 t x 16.7GJ/t 196.7
bark 1.49t  x 17.5GJ/t = 26.1
euc. wood 5.55t  x 15.6GJ/t zz 86.6
to ta l 309.4
Energy Input (GJ/ha.yr) v
to ta l  bole + stump (as fo r  Option I I ) = 8.2
euc. wood* 222/40yr x 0.534GJ/t zz 3.0
to ta l 11.2
burning windrows (as fo r  Option I) = 82.7
to ta l  ( i n c l .  windrows) 93.9
Net energy y ie ld  (GJ/ha.yr)
not in c l .  windrows 309.4 - 11.2 298.2
in c l .  windrows 309.4 - 93.9 = 215.5
Energy r a t io
not in c l .  windrows 309.4/11.2 = 27.6:
in c l .  windrows 309.4/93.9 = 3.3:
1.49
Assumes energy per tonne to harvest eucalypt wood is  s im i la r  to 
th a t fo r  non-merchantable pine boles and stumps (0 .534GJ/t).
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Option IV - u t i l i z i n g  to ta l  boles plus stumps plus a l l  eucalypt 
wood greater than 7.6 cm mid-diameter
From data co llec ted  fo r  the burning exercise mentioned before 
there are approximately 360 tonnes (a i r -d r y )  per hectare o f  eucalypt 
trunks and branches w ith  a mid-diameter g reater than 7.6 cm (3 inches) 
on the s i te  before burning (equ iva len t to 626 tonnes (green) per hectare 
assuming 100% moisture con te n t) ,  and 74 tonnes (a i r -d r y )  per hectare o f 
leaves, twigs and small branches. I t  might be fe as ib le  to harvest the 
materia l g reater than 7.6 cm in diameter a t the time o f  c le a r in g , 
leaving the smaller m ateria l to  be burned during s i te  p reparation. I f  
th is  were done the net energy y ie ld  and energy ra t io  fo r  the 
f i r s t  ro ta t io n  would be as ca lcu la ted  below.
Yie ld  (tonnes a i r - d r y  per hectare per annum) 
to ta l  bole plus stump (as fo r  Option I I )
wood = 11.78 bark = 1.49
eucalypt pieces la rg e r  than 7.6 cm in diameter
wood* 360t/40yr = 9.00
Energy Output (GJ/ha.yr)
pinewood 11.78t  x 16.7GJ/t = 196.7
bark 1 .491 x 17.5GJ/1 = 26.1
euc. wood 9.00 t  x 15.6GJ/t = 140.4
to ta l 363.2
Energy Input (GJ/ha.yr)
to ta l  bole + stump (as fo r  Option I I ) = 8.2
euc. wood# 626t/40yr x 0.534G0/t = 8.4
to ta l 16.6
burning windrows 74t/40yr x 15.6GJ/t = 28.9
to ta l  ( i n c l . windrows) 45.5
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Net energy y ie ld  (GJ/ha.yr)
not in c l .  windrows 363.2 - 16.6 = 346.6
incl. windrows 363.2 - 45.5 = 317.7
Energy ra t io
not in c l .  windrows 363.2/16.6 21.9:1
incl. windrows 363.2/45.5 8 .0:1
* Separate estimates have not been made fo r  bark
# Assumes energy per tonne to harvest eucalypt wood is  s im ila r  to 
tha t fo r  non-merchantable pine boles and stumps (0.534GJ/t).
Comparison o f Results fo r  D if fe ren t U t i l iz a t io n  Options
s
Table 5.1 l i s t s  values fo r  net energy y ie lds and energy ra tios 
fo r  u t i l  iz a t i  on options I - 1V and Figure 5.1 shows energy inputs when 
energy released by burning windrows is  ignored (A), and when i t  is  
included as an input (B). Theore tica lly  the greatest net energy y ie ld  
for the f i r s t  ro ta tion  would be achieved i f  a l l  eucalypt pieces greater 
than 7.6 cm in diameter were harvested together with the boles and stumps 
o f radiata pine (option IV). The assumption made in ca lcu la ting  the 
values shown in Table 5 .1 , tha t the energy input per tonne to harvest 
non-merchantable pine and eucalypt wood is  one and a h a l f  (1.5) times 
tha t required fo r  'merchantable' pulpwood pine boles, might be in erro r 
but there are no data on which to base an estimate. The only 
p ractica l way to harvest small diameter, crooked pieces might be to 
chip them on s i te ,  necessitating expenditure o f at leas t an additional 
180 GJ per tonne (NZERDC, 1979, Appendix B ll) . Even i f  the energy 
requirement were several times tha t assumed, option IV would s t i l l  give 
the greatest net energy y ie ld .  Figure 5.1 (B) i l lu s t ra te s  how the net
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F I G .  6 . 1  ENERGY I N P U T  AND NET ENERGY Y I E L D  FOR 
D I F F E R E N T  U T I L I Z A T I O N  O P T I O N S
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energy yield for option IV is boosted over that for option III through 
some of the eucalypt wood otherwise burned in windrows being counted 
as a potential source of energy. Option III ,  in which only the eucalypt 
wood remaining after burning windrows is counted as an additional energy 
source, has a higher net energy yield than option II (total boles plus 
stumps) which in turn has a higher net energy yield than option I 
(merchantable boles only). This would be so even i f  the rate of energy 
consumption for harvesting non-merchantable portions of the tree were 
several times that assumed.
Table 5.1 Net energy yield (N.E.Y.) (GJ/ha.yr) and energy ratio for 
harvesting options I- 1V, (A) ignoring energy released by 
burning windrows, (B) including energy released by burning 
windrows as input. '
(A) (B)
Option N.E.Y. ER N.E.Y. ER
I 167.7 31.8:1 85.0 2.0:1
II 214.6 27.2:1 131.9 2.4:1
III
IV
298.2
346.6
27.6:1
21.9:1
215.5
317.7
3.3:1
8.0:1
The ranking of net energy yields for util i zation options I - 1V 
remains the same whether or not energy released by burning windrows is 
considered as an input, however the order of the energy ratios is 
reversed. This is because the energy released from burning windrows 
is many times the input of energy to harvesting radiata pine so that 
the effect of the increasing energy requirement for harvesting as we 
go from option I to option IV is masked. The energy ratio for each
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option is much higher when energy from burning windrows is ignored 
than when i t  is included as an input. Values range from 32:1 (option I)  
to 22.1 (option IV) in the former case compared with 2:1 to 8:1 
respective ly in the la t t e r .
There is p la in ly  a negative net energy requirement for  
the process of growing and harvesting a radiata pine planta t ion. 
Expressed pos i t ive ly ,  as an annual net energy y ie ld ,  th is  varied 
between 85GJ/ha and 346.6GJ/ha under the conditions examined. The 
practice of windrowing and burning eucalypt forest  before establ ishing 
pines c lea r ly  en ta i ls  substantial losses, not only of 
a potentia l  raw material fo r  industr ies such as pulp and paper and 
f ibreboard, assuming these were establ ished w i th in economic hauling 
distance of the resource, but also of energy. In some other parts 
of Austra l ia ,  fo r  example, in South Gippsland in V ic to r ia ,  where 
wood from native species goes to the Maryvale pulp m i l l ,  th is  loss 
has been s ig n i f ic a n t ly  reduced by u t i l i z i n g  at least some of th is  
native hardwood.
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Chapter Six
PROJECTING ENERGY REQUIREMENTS AND NET ENERGY YIELD
The energy inputs and potential outputs from a radiata pine 
plantation in the southern highlands of New South Wales have been 
identified and quantified in the foregoing chapter.•Some of the 
factors influencing inputs to and outputs from plantations are 
discussed below before attempting an estimate of annual energy 
requirements and potential net energy yield for the whole softwood 
plantation estate in Australia.
Factors Influencing Energy Inputs
The results reported for the Tumut sub-district are for a 
first rotation plantation grown on rolling to fairly steep terrain 
which first had to be cleared of native vegetation. Second rotation 
plantations established on flat country having relatively sparse 
vegetation, such as in South Australia, should require less energy 
per unit area since relatively little energy is needed for 
site preparation and not as much for roading. On the other hand, 
energy requirements might be higher than for Tumut for some 
operations - plantation establishment for instance, if fertilizers 
and weedicides were applied routinely. At the time the data for the 
Tumut sub-district were collected, planting, tending and pruning were
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all done by hand. No fer t i l izers  or weedicides were used and a 
semi-mechani zed harvesting system was in use, i .e .  chainsaws were 
used for felling, trimming and crosscutting, and skidders or 
forwarders were used to move logs to loading points. The distance 
over which logs had to be transported to wood processing plants was 
about 25 kilometres. The energy implications of some different 
management and harvesting strategies are discussed below.
Class of Land Planted
There has been a trend in recent years for a significant 
proportion of softwood planting to be located on ex-grazing land.
In the Tumut sub-district in 1977/78, 72 ha out of 1327 ha weres
planted on already cleared or partly cleared grazing land. In 1980 
however, 600 ha of 960 ha planted were on former grazing land. 
Practically all planting in South Australia and the Australian 
Capital Territory,for a number of years past,has been on land 
originally cleared for grazing. Some energy, in the form of energy 
sequestered in weedicides and consumed directly in applying them, 
generally has to be expended on these sites in order to minimize 
competition from grasses (see below), but the overall energy input 
is likely to be less than for clearing native forest.
A stage may be reached, as land available for planting becomes 
scarce, when consideration will have to be given to planting steeper 
slopes than have been planted hitherto. This possibility is already 
under consideration in the Tumut d is t r ic t  (L. Mors, pers. conrn.). 
Energy consumption for most operations might be expected to rise as a 
consequence, although possibly less energy would be required for
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harvesting i f  some form of cable logging were used. Alternatively, 
productivity might be boosted on more accessible land by the application 
of fe r t i l ize r .  This, too, incurs additional expenditure of energy, but 
is capable of giving a very good return on investment (see below). 
Fertilizer is now added to most pine plantations in Australia.
Use of Chemicals 
(i) weedicide
Weedicide is in common use to control grass competition when 
plantations are established on land previously used for grazing. I t  
might also be used routinely in future on newly cleared and cultivated 
land. Weedicide was applied at two''rates in tr ia ls  in the Tumut sub­
d is t r ic t  during 1979 and 1980: 12 kg active ingredient (a . i . )  per ha
of sprayed area (the sprayed area was about one-third of the plantation 
area) to control pasture grasses, and 6-8 kg a .i . /ha for control of 
lighter growth such as native snow grass. Spraying was at the rate of 
about 1.2 ha/hr from a 1000 l i t re  tank drawn by a 4-wheel-drive 
rubber tyred tractor. One application of the weedicide at the lowest 
rate, assuming an embodied energy of 190 MJ/kg a . i .  (value for atrazine 
from McIntosh, 1980), represents an energy investment of 1056 MJ/ha,
comprising: MJ/ha
weedicide 380
fuel 399
repairs 188
steel 83
labour 6
1056
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Applying the weedicide twice per 40 year rotation would add 53 MJ 
of energy per hectare per annum (1056/40 x 2). For Tumut this represents 
a 17% increase in energy required for si te preparation.
Weedicide may also be used to control eucalypt and wattle 
regrowth. At Bombala, in southern New South Wales, 2,4,5-T at 6 kg 
a . i .  in 30 l i t res  of diesel per hectare is routinely applied from the 
air using fixed wing aircraft .  The energy input associated with such 
chemical tending is approximately 2000 MJ/ha per application (Dawson,
1978) and, on some sites ,  up to three applications per rotation may 
be necessary for effective control of unwanted woody regrowth. Energy 
consumption for this form of tending could thus be as high as 150 MJ/ha.yr 
over a 40 year rotation - more than ten times the energy consumed in 
tending by hand in the Tumut sub-district (13 MJ/ha.yr). D. Wheen 
(pers. comm.) has suggested that the new cultivation technique of 
blade ploughing described later,  while i t s e l f  consuming more energy 
than the old method of disc ploughing, might markedly reduce woody 
regrowth through more thorough destruction of plant roots, perhaps 
obviating the need for chemical spraying. This is one instance 
of many when energy used in one operation impinges on energy 
required in another.
(i i ) fer t i l izer
It  has been found beneficial to add fer t i l izers  to f i r s t  
rotation radiata pine plantations in Australia and the practice is 
likely to be essential to maintain productivity in second and subsequent 
rotations (Crane & Raison, 1981). Over 90% of the exotic plantations 
in Australia are ferti l ized at,  or soon after,  planting (Crane, 1981).
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Perhaps the most intensive use o f f e r t i 1izers during the establishment 
phase is  by the Woods and Forests Department on sandy so ils  in the 
south-east o f South Austra lia  which are otherwise marginal fo r  p lanting 
radiata pine. A 'complete mineral' NPK (11:2:5) and trace element mix 
is applied in s ix  applications in the f i r s t  four years fo llowing 
planting (Woods, 1976). Three applications are by hand, two by 
t ra c to r  and one from the a i r .  The energy cost of doing th is  is  o f 
the order o f 29 GJ/ha, comprising f e r t i l i z e r  28 GJ/ha and 
application 1 GJ/ha. Other levels and frequency o f f e r t i l i z e r  
application w i l l  have other, generally lower, energy inputs.
While i t  is  recognized tha t early application gives best 
results  (Waring, 1973), adding f e r t i l i z e r  to trees ten or more years 
old can also lead to improved growth. Crane (1981), conducting 
f e r t i l i z e r  t r ia ls  in thinned radiata pine stands around 20 years of 
age in the Australian Capital T e rr i to ry ,  found that volume production, 
measured four years a f te r  application o f f e r t i l i z e r ,  could be 
increased by an average of 37% re la t ive  to stands which were not 
f e r t i l i z e d .  A single aeria l application o f f e r t i l i z e r  at the levels 
used in these t r i a ls  (320 kg/ha o f nitrogen as ammonium phosphate and 
urea, and 130 kg/ha o f phosphorus as superphosphate) would require 
energy of the order o f 6 GJ/ha. Five applications - one applied 
a f te r  each thinning in the course o f a ro ta tion  - would consume 
30 GJ/ha which is  approximately equal to tha t used in the intensive 
early f e r t i l i z a t io n  described above. On an annual basis (assuming a 
40 year ro ta t ion ) th is  is equivalent to 725-750 MJ/ha.yr, or as much 
energy as is  required annually in the Tumut s u b -d is t r ic t  fo r  a l l  
operations except roading and harvesting.
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Table 6.1 Estimates of total d i rec t  energy input (excluding 
harvesting) and potential output during a rotat ion 
of 25 years for d i f fe ren t  f e r t i 1izer/weedicide treatments. 
Stemwood production projected from measurements at  age 7 
years using a growth model.
Source: Dargavel & Cromer (1979).
Treatment Total input 
energy (GJ/ha)
Total output of 
stemwood energy 
(GJ/ha)
Output/input
rat io
Without weed control
1 0 27.9 1448 51:1
2 P! 28.7 2463 85:1
3 P2 29.8 2619 88:1
4 P3 33.3 2828 85:1
5 N ! P j 35.9 2487 69:1
6 N2P2 51.3 2770 54:1
7 N3P3
8 NiPjKj
97.8 2812 29:1
36.1 2427 67:1
9 N2P2K2 52.1 2384 46:1
10 N3P3K3 100.2 2913 29:1
With weed control
11 0 28.4 2622 92:1
12 Pi 29.2 3378 116:1
13 P2 30.3 3948 130:1
14 P3 33.8 3663 109:1
15 N!P! 36.4 3353 92:1
16 N2P2 51.8 3887 75:1
17 N3P3 98.4 3863 39:1
18 NiPjKi 36.6 3451 94:1
19 N2P2K2 52.6 3721 71:1
20 N3P3K3 100.7 4011 40:1
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Weedicide is commonly applied with f e r t i l i z e r s  where grass, 
bracken or shrub competition is a problem (Woods, 1973; E i le r t ,  1979; 
Dargavel & Cromer, 1979). Dargavel & Cromer, in the only published 
study of energy requirement for  radiata pine plantat ions in Austra l ia ,  
have calculated the to ta l  d i rec t  energy inputs and potential  outputs 
(considering stemwood only) associated with growing a second ro ta t ion 
plantat ion on a poor s i te  in Gippsland, V ic to r ia ,  under various 
fe r t i l ize r /w e e d ic id e  regimes. Their resu l ts ,  reproduced in Table 6.1, 
show there is p o te n t ia l ly  a huge marginal energy return from phosphorus 
f e r t i l i z e r  and an even greater return from weed control at both high 
and low f e r t i l i t y .  Treatment with weed control - weedicide together 
with phosphorus, as double superphosphate, at a level of 67 kg of 
elemental phosphorus per hectare - gave the best energy return on 
the s i te  under study (energy ra t io  130:1). Dargavel & Cromer emphasize 
the importance of ca re fu l ly  choosing the r ig h t  weedicide and f e r t i l i z e r  
treatments fo r  the s i te  to make the most e f f i c i e n t  use of money and 
energy. For example,heavy appl ications of nitrogen - an energy intensive 
f e r t i l i z e r  - are not warranted. Treatment P^  with weed control required 
about 0.1 GJ/ha.yr more input than treatment 0 without weed control over 
a ro ta t ion of 25 years fo r  a return of 100 GJ/ha.yr more output, whereas 
treatment N3P3K3 (807 kg N, 202 kg P, 232 kg K) with weed control 
required t h i r t y  times as much addit ional energy (3 GJ/ha.yr) 
fo r  a return only 3% greater than fo r  P2 •
Without weed control or f e r t i l i z e r s  the d i rec t  and ind irec t  
energy required fo r  a l l  operations, except harvesting, fo r  a 40 year 
f i r s t  ro ta t ion plantat ion in the Tumut su b -d is t r ic t  was calculated 
to be 1117 MJ/ha.yr (see Table 3.4) and the energy output, counting
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total boles, 182.2 GJ/ha.yr. The energy output at the Gippsland site 
was only 57.9 GJ/ha.yr for a similar energy input (1116 MJ/ha.yr).
The greater return to energy invested on the more fertile Tumut site 
is thus demonstrated.
Burning Logging Debris
Debris from clearing or logging operations is generally heaped
into windrows and burned to improve access to plantations for men
and machines and also to reduce the fire hazard. Pines planted on
the site of burnt windrows grow faster than those planted between
the windrows. This is probably due to nutrients, particularly nitrogen
and phosphorus, being more available to the plants after baking and
\subsequent leaching of the soil (Pryor, 1963). However, the additional 
growth would not be commensurate, in energy terms, with the large 
amounts of energy released from the windrows upon burning (see chapter 5 
and Figure 5.1(B)). In an analysis carried out strictly in accordance 
with international conventions, this energy should be counted amongst 
energy inputs to plantation establishment. The energy requirements 
for forestry operations such as planting, tending, pruning and harvest­
ing are presumably somewhat lessened through better access after 
burning the previous logging debris but, again, the energy saved 
would not be commensurate with the energy released by burning windrows. 
There is generally a greater mass of logging debris left after clearing 
for a first rotation than before a second or subsequent rotation.
first rotation
On the site studied at Tumut the air-dry mass of eucalypt logging 
debris burned was presumed to be 212 t/ha (see Option III - chapter 5):
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the energy released by burning this wood (3300 GJ/ha) is higher than 
would be released on most new plantation s i tes ,  some of which might 
have scarcely any previous vegetation to be burned. Adopting the 
convention that energy released by burning windrows be spread over one 
40 year rotation only (as for roading and site preparation), the 
additional energy input attributable to si te preparation may vary from 
0 to 82 GJ/ha.yr. The effect on net energy yield and energy ratio of 
recovering some of this wood as an energy output has been shown in 
Table 5.1 and Figure 5.1(B).
second notation
In South Australia, where a considerable area of second rotation 
has been established, i t  is the practice to burn f i r s t  rotation logging 
slash. Pine debris le f t  at the end of the f i r s t  rotation is being 
burnt in windrows at Bombala in the southern highlands of New South 
Wales also, and the practice will probably be followed in the Tumut 
sub-district where planting of the second rotation has begun (see 
Appendix A.19). As argued above, the energy released by burning this 
logging debris can be regarded as an energy input to growing the next 
rotation of pines; moreoever, whilst there may be a short-term 
fer t i l ize r  effect on pines planted on burnt windrows, FI inn et al. (1979) 
conclude that burning logging debris at the end of the f i r s t  rotation in 
south-western Victoria is actually detrimental to the total nutrient 
status of the relatively sandy soil there. The burning of 66.6 tonnes 
(o.d.) of the 79.5 tonnes of logging residue and l i t t e r  per hectare 
estimated to have been on the site after cl earfelling a radiata pine 
plantation 28 years old (logging debris 84% burnt), was accompanied 
by the loss of 72% (220 kg/ha) nitrogen, 27% (8kg/ha) phosphorus,
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21% (21 kg/ha) potassium, 31% (123 kg/ha) calcium, 16% (13 kg/ha) 
magnesium, 40% (8 kg/ha) sulphur, 30% (6 kg/ha) iron and 34% (4 kg/ha) 
manganese. Replenishment of these nutrients would involve expenditure 
of at least 19.3 GJ/ha.^ This is equivalent to 0.7 GJ/ha.yr over a 
28 year rotation. If to this is added the energy released by the 
combustion of all organic matter on the si te (1500 GJ/ha or 53.6 
GJ/ha.yr over a 28 year rotation) then burning logging debris from the 
f i r s t  rotation has actually cost 53.6 + 0.7 = 54.3 GJ/ha.yr. If 
logging debris is not burnt, some energy must s t i l l  be expended in 
preparing the site  for cultivating, e.g. by roller chopping, but this 
is not likely to require more energy than say blade ploughing which, 
from data in Table 6.2, works out at only 0.04 GJ/ha.yr for a 28 year 
rotation.
Mechanization
It has already been pointed out that increased mechanization in 
harvesting can lead to substantially greater energy requirements (see 
chapter 4). Mechanization is also proceeding in other plantation 
operations: the likely additional energy requirement of mechanized
pruning for instance, is illustrated by the case of a machine under 
development by the CSIR0 Division of Forest Research in 1979. Using 
stem-clasping knives, operated hydraulically from a 40 KW agricultural 
tractor, 90 Slash pine (Pinus elliottii) trees per hour could be pruned 
to a height of five metres. The l i fe  of the pruning machine, which 
weighed 4,500 kg, was expected to be about 7000 working hours. The
1 Energy in chemicals alone - values from Grant and Walters (1978) 
and Dawson (1978) - but does not include replacement of Fe and Mn 
(no figures available).
/ ö
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direct and indirect energy required to prune a hectare planted with 
1320 trees with this machine, assuming i t  is operated six hours a day 
by two men who drive 45 km to and from work in a six-cylinder u t i l i ty ,  
comprises: MJ/ha
fuel 5670
repairs 1706
steel 957
labour 296
total 8629
Repair energy was calculated assuming repair cost to be twice that 
for the tractor alone. Pruning by this machine would be almost four 
times as energy intensive as conventional pruning by hand in Tumut 
(2240 MJ/ha - Table 3.3). A machine similar to this is already in 
service in Queensland, while hydraulic shears worked from a tractor 
have been tested successfully in Western Australia.
Changes to already mechanized operations can also lead to changes 
in energy consumption. In 1980 blade ploughing was substituted for disc 
ploughing in the Tumut sub-district. Considerably better ground 
penetration was thereby achieved, the soil being 'fluffed'  instead of 
being turned over. Two tractor-implement combinations were used: a
Symonds 397 cm 3-tyne blade plough pulled by a Fiat/Allis 14B tractor, 
and two single-tyne, three point linkage blade ploughs pulled by a 
Mercedes 1100 tractor. The fuel energy required for s i te  preparation 
by this new method was calculated to be 1181 MJ/ha from performance data 
supplied by the Forestry Commission (see Table 6.2). By comparison, 
disc ploughing requires about 695 MJ/ha.
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Table 6.2 Rates o f  working, diesel fuel consumption and energy 
required per hectare f o r  blade ploughing with two 
tractor- implement combinat ions.
Area
(ha)
Fiat
(hrs)
Mercedes
(hrs)
Fuel
(1i t r e s ) MJ/ha
49 62 32 1624 1269
48 69 1363 1087
39 38 36 1200 1178
44 63 10 1369 1191
average 1181
Transport Distance
\
The e f fe c t of increasing the t ranspor t distance of men and
logs has been discussed in chapter 4. The increase in energy input
is  mainly in ihe  harvest ing operat ion where journeys to and from 
the fo re s t  have to be made d a i l y ,  or several t imes a day in the case 
of log t rucks,  year-round. For the purpose of est imating energy inputs 
to the softwood p lan ta t ion  esta te  in Aus t ra l ia  a ro u n d - t r ip  t rave l  
distance of 100 km has been assumed.
Factors A f fe c t ing  Energy Output
Some of the fac to rs  a f fe c t in g  energy input to p lan ta t ions  
may also a f fe c t  energy output through t h e i r  in f luence on p ro d u c t i v i t y .  
For example, the addi t ion  of weedicide and f e r t i l i z e r ,  or a d i f f e r e n t
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cu l t iva t io n  technique, whi le adding to the energy requirement, leads 
to greater product iv i ty  and thus, p o ten t ia l ly ,  to a greater net energy 
output. Chapter 5 has shown how u t i l i z a t i o n  standards determine 
theore tical  energy outputs. I t  has been assumed in the discussion 
below of the ef fec t  of inherent s i te  f e r t i l i t y  (often assessed in 
terms of s i te  qua l i ty  indices) that current ly  merchantable bolewood 
only is harvested. A number of plantat ion management pract ices which 
strongly influence wood production and thus energy output are also 
discussed .
Site Quali ty
The ef fec t  of s i te  qua l i ty  on wood and bark y ie ld  and on net
\
energy y ie ld  and energy rat io,under two harvesting regimes,is shown 
in Table 6.3. In calcu la t ing net energy y ie lds and energy ra t ios ,  
inputs to a l l  operations, other than harvesting, were assumed to 
remain constant at levels found fo r  Tumut. Energy inputs to semi- 
mechanized harvesting were calculated assuming transport distances 
fo r  logs and men to be the same as fo r  Tumut (25 km) with the energy 
required to harvest by f u l l y  mechanized means assumed to be twice 
that required fo r  semi-mechanized (motor-manual) harvesting. Logging 
debris burned in the course of s i te  preparation was not counted as 
an energy input. The energy output was equated with the enthalpy 
of combustion of the wood and bark (a i r -d ry  basis) produced 
annually on merchantable boles. The greater p roduc t iv i ty  on 
more f e r t i l e  si tes resul ts  in greater net energy y ie ld ,  that fo r
81
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site quality I being almost twice that for si te quality V. Increasing 
mechanization in harvesting only marginally reduces net energy yield 
but markedly lowers the energy ratio.
Table 6.3 Net energy yield and energy ratio for sites of different 
fe r t i l i ty .  A - semi-mechanized harvesting, B - fully 
mechanized harvesting.
SQ Annual Increment/ha Net Energy Yield Energy Ratio
m3
u.b.
t
green
tonnes 
air-dry
(GJ/ha.yr)
wood bark A B A B
I 32.3 35.9 17.6 2.2 323.3 315.3 36.1:1 19.4:1
II 29.1 32.4 15.9 1.9 290.5 282.3 36.0:1 19.3:1
III 25.6 28.5 13.9 1.7 s 254.5 248.2 35.4:1 19.1:1
IV 21.9 24.3 11.9 1.5 218.5 213.1 35.6:1 18.9:1
V 17.9 19.9 9.7 1.2 173.1 173.1 33.3:1 18.5:1
Notes
Site quality (SQ) as per South Australian classification.
Annual volume increment on merchantable boles (based on 40 year rotation) 
from South Australian yield tables (Lewis e t  a l . ,  1976).
Conversion to green and air-dry mass using factors in Table 2.2 assuming 
green logs at 98% m.c.
u.b. = under bark
Plantation Management
Once the si te for planting has been chosen, management options 
which influence yield of wood, hence net energy yield, include 
intensity of land preparation, selection of genetic stock for planting, 
plant spacing, use of chemicals ( fert i l izers  and weedicides), pruning 
and thinning regimes and rotation length.
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(i) 1 and preparation
The more thorough the land preparation the better the establish­
ment and early growth of a plantation. Where the original forest 
cover has been cleared for planting, the site is generally prepared 
by windrowing and burning the original vegetation and cultivating 
the ground between the windrows as in the Tumut sub-district. This 
leaves the soil in a relatively weed-free state, aerated and better 
able to take in water. On land previously used for grazing, it has 
been common in the past for only the planting lines to be cultivated, 
leading to slower growth and sometimes windthrow because roots tend 
to be aligned in one direction.
\(ii) planting stock
Nursery stock for Australian plantations has, for many years, 
been grown from seed gathered from ‘plus' trees, i.e. trees of 
exceptional vigour and form. Genotypes are now being further improved 
using seed from seed 'orchards', i.e. small, isolated plantations 
of trees of proven genetic stock propagated by cloning. Results from 
10-12 year old trials show that 20% more wood volume can be produced 
using seed from these orchards compared with control seed (Eldridge, 1982).
(iii) spacing
Most plantations have been established at 2.4 m x 2.4 m tree 
spacing but wider spacing is favoured today because great difficulty has 
been experienced in marketing early thinnings. This has meant closely 
planted plantations have had to be non-commercially thinned 
to maintain high rates of growth on selected stems. Now the market for
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small-sized logs has improved with the advent of more pulp and chipboard 
plants, some of the wood which previously would have been thinned to 
waste may be merchantable but, because of the large volume of small - 
sized logs becoming available, some non-commercial thinning w ill probably 
s t i l l  be necessary. Under the convention that only wood harvested 
and delivered to processing plants is counted towards energy 
output, 1thinned-to-waste' wood would be excluded. Ferguson &
Shepherd (1979) discuss strategies fo r keeping non-commercial thinning 
to a minimum, including wider spacing (possibly 3.5 m x 3.5 m), thinning 
larger rather than smaller trees (thinning 'from above1) and c lea rfe lling  
in shorter rotations.
s
( iv ) pruning and thinnings
The timing and severity of thinning and pruning in plantations 
depends upon the markets for which the wood is being grown. For instance, 
radiata pine planted in agro-forestry ventures might be tailored for 
the high value plywood market. Although there is no necessity fo r 
early thinning because of the wide in it ia l  spacing generally adopted 
in agro-forestry, pruning must be quite severe and frequent to keep 
bolewood as knot-free as possible. Total biomass y ie ld  is adversely 
affected by thinning and pruning since photosynthesizing tissue is 
removed. Broadly speaking, thinning in conventional plantations is 
carried out in order to provide the greatest y ie ld  of merchantable 
timber, with pruning of the best stems to enhance the ir value for 
sawlogs or plylogs. In th is respect, management of the Tumut plantations 
is typ ica l.
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(v) fer t i l izers  and weedicide
Use of fer t i l izers  and weedicides has already been discussed. 
Benefits are such that the application of fer t i l izers  at least is 
likely to become routine for plantations, especially to boost f e r t i l i ty  
in second rotations. The widespread use of weedicides on the other hand, 
at least when applied from the a ir ,  is not likely to meet with public 
acceptance because of the possibility of environmental damage even though 
this mode of application is currently quite widely used in agriculture.
(vi) short rotation plantations
Plantations grown for maximum biomass production, without 
regard to log size or wood quality,' have been shown to have a 
potentially higher energy output than conventionally managed plantations. 
An untended radiata pine plantation grown on an 18 year rotation in 
New Zealand produced 192 tonnes (o.d.) per hectare of harvestable 
biomass (10.7 t/ha.yr) compared with 261 tonnes (8.7 t/ha.yr) produced 
by a plantation with the same number of trees (1500/ha) on a similar 
site but managed more conventionally on a 30 year rotation (NZERDC, 1979). 
The la t te r  plantation was non-commercially thinned to 370 trees per 
hectare when dominant trees reached 11 metres high, thereby forfeiting 
some wood with potentially an energy value. Separate energy analyses 
for each of these plantations gave net energy yields of 194.3 GJ/ha.yr 
and 159.6 GJ/ha.yr respectively. All biomass was assumed to be harvested 
from the former forest but only stemwood from the la t te r .
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Energy Requirement and Potential Net Energy Yield 
for the Australian Softwood Plantation Estate
The Softwood Plantation Estate
Details of the Australian softwood estate are available in 
a report by the Forest Resources Committee (AFC, 1981).
Plantation areas in each state, in public and private ownership, 
classified by species, are shown at 31st March, 1979, as well as 
estimates of future availability of sawlogs and pulplogs, age class 
distribution of piantations, and proportions of second rotation planting 
in different regions. In 1980 the total coniferous plantation in 
Australia totalled 718,272 ha with an age class profile similar to 
that for the Tumut sub-district plantation (Fig. 2.2). The report 
forecasts that the availability of logs will be as shown in Table 6.4. 
The ratio of sawlogs to pulplogs increases until by 2010 i t  is almost 
2 : 1 .
Table 6.4 Future availability of logs (Australian Forestry 
Council, 1981)
'000 tonnes green* logs'
1985 1990 2000 2010 2020
Sawlogs 3347 4516 8308 11281 11794
Pulplogs 4273 5255 5902 6215 6507
3* conversion from m using factors in Table 2.2.
Since publication of the AFC report about 23,000 ha of pine 
plantations in South Australia and 2,300 ha in Victoria have been 
burnt (1983) necessitating salvage operations which include storing
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large numbers of logs under water. Assuming 60 percent of wood is 
successfully salvaged there has been a loss of approximately 1,200,000 
tonnes of sawlogs and a s imi lar  mass of pulplogs (calculated from 
f igures in Keeves and Douglas, 1983). Inev i tab ly  th is  must lead to 
reduced a v a i la b i l i t y  of logs compared to forecasts by the Forest 
Resources Committee but by spreading the losses over a decade or 
so,while, at the same time, reducing c le a r - fe l l i n g  ages to supplement 
sawlog supply in the short term, the to ta l  log supply should not 
be ra d ica l ly  affected. Any possible overestimate of energy requirement 
which use of AFC f igures might in vo lve ,w i l l  be o f fse t ,  at least pa r t ly ,  
by the greater energy required fo r  harvesting smaller sawlogs which 
must be u t i l i z e d  to ensure supply to South Austral ian and Victorian 
wood-based industr ies.
s
Energy Inputs to a Second Rotation
Unfortunately, f igures fo r  second ro ta t ion  planting throughout 
Austra l ia are not tabulated in the report referred to above, but 
from histograms in the report showing annual planting by region, 
i t  is estimated that there w i l l  be about 20,000 ha of plantat ion in 
the second ro ta t ion  by 1985. In most regions,second ro ta t ion  planting 
has been a small proportion (less than ten percent) of the annual 
planting but in the south-east of South Austra l ia ,one- th i rd  or more 
of the annual planting since 1970 has been of second ro ta t ion .  Second 
and subsequent ro ta t ions w i l l  obviously assume greater and greater 
importance in the years ahead, as f i r s t  ro ta t ions mature. Based on 
a knowledge of the present plantat ion age structure and an annual 
planting programme of 30,000 ha, approximately the fo l lowing proportions
1 the proportion w i l l  be substan t ia l ly  increased as a resu l t  of 
the 1983 f i r e s .
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of plantings w i l l  be second ro ta t ion :
1985 1990 2000 2010 2020
12% 15% 30% 85% 95%
In Table 6.5 energy inputs found fo r  a f i r s t  ro ta t ion  in the 
Tumut s u b -d is t r ic t  are adjusted so as to apply more closely to a 
second ro ta t ion .  The harvesting energy f igures in the second ro ta t ion  
column are not speci f ic  to second ro tat ion but include increased 
energy required fo r  more mechanized f e l l i n g  and snigging and a doubling 
in energy fo r  hauling to allow fo r  a 50 km log haul. I t  w i l l  be assumed 
that these new f igures apply to the fo l lowing proportions of logs 
harvested in future :
1985 1990 2000 2010 2020
10% 30% 50% 60% 60%
Current and Future Energy Requirement fo r  the Whole Estate
The procedure fo r  f ind ing the annual energy requirement fo r  
the whole plantat ion estate in specif ied years is as fo l lows:
(a) compute energy requirements for  harvesting,assuming log a v a i l a b i l i t y  
as forecast in AFC (1981) and using harvesting energy f igures from 
Table 6.5 as outl ined above
(b) compute energy requirements fo r  once-per-rotat ion operations 
(v iz .  roading, s i te  preparation, nursery, and plantat ion establishment) 
assuming ( i )  annual planting of 30,000 ha, ( i i )  no energy input to 
new roading on second ro ta t ion sites
(c) compute energy requirements fo r  operations which are re p e t i t i v e
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Table 6.5 Energy requirements per operation fo r  a 40-year second 
ro ta t io n  based on data in  Table 3.4
Operation Tumut M u l t ip l ie r  
MJ/ha.yr
Second 
Rotation 
MJ/ha.yr
Comment
ROAD 401 x 0.0 - No new roading.
MAIN 162 x 1 162
SITE 317 x 1 317 Savings through not having to 
c lea r  native  vegetation in  second 
ro ta t io n  o f fs e t  by rou tine  
a p p l ica t io n  o f  f e r t i l i z e r  and 
weedicide and more energy-intensive 
c u l t iv a t io n  techniques.
NURS 12 x 1 12
ESTB 16 x 1 16
\
P lanting w ith  machine l i k e l y  to 
be approximately equiva lent to 
hand p la n t in g .
TEND 13 x 2 26 Allows fo r  chemical tending in 
some areas.
PRUN 112 x 2 224 Allows fo r  machine pruning in 
some areas.
PROT
•
84 x 1.5 126 Allows fo r  use o f  he licop te rs  
and other a i r c r a f t ,  occurrence 
o f major f i r e s ,  outbreaks o f 
d isease.
1117 883
HARV*
Fell and Snig
Pulplogs*
Sawlogs#
208
118
x 1.5 
x 1.2
312
142
Allows fo r  in t ro d u c t io n  o f  more 
mechanized logging systems and 
operator t ra ve l o f  100 km per day.
Haul
Pulplogs* 
Sawlogs#
170
128
x 2 
x 2
340
256
Assumes haulage distance o f  50 km.
Fc 4 x 1 4
* per tonne
+ weighted average fo r  contractors invo lved in  mixed (3:1 sawlogs: 
pulplogs by green mass) harvesting and harvesting o f  pulplogs only 
from f i r s t  th inn ings .
# weighted average fo r  contractors involved in  mixed sawlog and pulplog 
harvesting and harvesting o f  f in a l  crop.
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during a rotation, viz. road maintenance, tending, pruning, protection. 
A normal forest must be assumed for the purpose of these calculations, 
i.e. energy figures in Table 6.5 are multiplied by the area of the 
whole plantation estate at dates specified.
Current and future energy requirements for the whole plantation 
estate are shown in Table 6.6.
Table 6.6 Predicted Total Energy Requirement for the National 
Softwood Plantation Estate (TJ)
Operation 1985 1990 2000 2010 2020
Road 423.5 409.0 336.8 72.2 24.1
Mai n 137.7 158.7 196.0 215.3 219.9
Site 38.0 38.0 38.0 38.0 38.0
Nurs 14.4 14.4 14.4 14.4 14.4
Estb 19.2 19.2 v 19.2 19.2 19.2
Tend 11.3 13.2 17.1 21.0 24.9
Prun 97.2 114.0 147.6 181.2 
a o o o 214.8Prot 72.2 83.9 106.2 123.8 137.6
Fell 448.0 729.4 1237.7 1619.8 1694.5
Snig 643.3 893.1 1350.8 1685.7 1763.4
Haul .1634.8 2190.4 3322.4 4175.0 4367.1
Harv (FC) 61.0 78.2 113.7 140.0 146.4
TOTAL 3600.6 4741.6 6900.1 8305.7 8664.5
The energy requirement in the year 2000 (6.9 PJ) is almost 
double that required in 1985 (3.6 PJ). By 2020, when the plantation 
estate would be 1.4 million ha, 8.7 PJ will be required. The sub­
stantial saving of energy through not having to construct new roads 
in second rotation plantations is more than offset by the additional 
energy required in more mechanized harvesting.
Net Energy Yield from the Plantation Estate
The energy which would theoretically be released by combustion 
of merchantable boles harvested annually from the whole plantation
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estate in accordance with AFC (1981) estimates of log a v a i la b i l i t y ,  
is shown in Table 6.7 along with estimates of energy required for  
growing and extract ion of the crop. The theore tical net energy y ie ld  
r ises from 58.2 PJ in 1985 to 147.3 PJ in 2020; i f  wood from non- 
merchantable boles and stumps were included the net energy y ie ld  
might be 28% greater (see chapter 5), viz 74.5 PJ in 1985 r is ing  
to 188.5 PJ in 2020. These f igures are theore tical  maxima since no 
allowance has been made for  processing of any kind other than logging. 
Energy ra t ios ,  i . e .  energy output:energy input , l i e  between 17:1 
and 18:1.
Table 6.7 Energy Balance fo r  the National Softwood Plantation 
Estate (merchantable boles) (TJ)
Year Output Input Net Yield Ratio
1985 6 1 7 9 ? 37 3600  69 88191  78 17 ? •  1I y U J
1990 79684.62
JUUU • J -7
4741.62 74943.00 16.8:1
2000 119373.32 6900.06 112473.25 17.3:1
2010 149085.71 8305.67 140780.04 17.9:1
2020 155933.10 8664.50 147268.61 18.0:1
The programme used to compute these values and those in
Table 6.6 is included as Appendix A.18 •
A wide var ie ty  of factors has been shown to influence
both energy inputs and outputs: too many to take account of in 
deta i l  when attempting a prel iminary energy budget forecast fo r  
the whole estate. However the approach adopted is believed to
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have resulted in worthwhile, reasonably r e a l i s t i c  estimates on 
which some conclusions and recommendations concerning fu ture  manage­
ment of softwood plantat ions can be based.
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Chapter Seven
AUSTRALIAN PLANTATIONS AND ENERGY: CONCLUSIONS
Dependence on Oil
P lanta t ion-grown softwood now occupies an impor tan t  place 
in  the A u s t ra l i a n  economy. At one t ime p r a c t i c a l l y  a l l  softwood had 
to  be imported;  now A u s t r a l i a  i s  moving towards s e l f - s u f f i c i e n c y  in 
supp ly ,  w i th  la rge  wood-based i n d u s t r i e s  employing some 70,000 persons 
(BAE, 1984, Table V I ) ,  erected on the base o f  home-grown softwood. 
Obv iously,  i n t e r r u p t i o n s  to  the supply o f  t h i s  wood could have severe 
repercuss ions .  This study has conf i rmed t h a t  p l a n t a t i o n s ,  l i k e  most 
commercial processes, are dependent on f o s s i l  f u e l s .  The t o t a l  energy 
requi rements o f  3.6PJ in 1985 and 4.7PJ in  1990 are around 0.1% of  
na t iona l  demand expected f o r  those years .
The s t r i k i n g  fea tu re  o f  f o re c a s t  energy use by p la n ta t io n s  
(Table 6 .8) i s  the high ra te  o f inc rease  in  demand f o r  energy.  S i g n i f i c ­
a n t l y ,  most o f  the a d d i t io n a l  energy w i l l  be requ i red  in  the form 
o f  high grade l i q u i d  fue l  to  power ha rves t ing  equipment. While increases 
in  t o t a l  energy requirements w i l l  be at  ra tes  of  5.7% p.a .  between 
1885 and 1990, and 3.8% p.a .  between 1990 and 2000 when t o t a l  energy 
requirement w i l l  be 6.9PJ, energy requirements f o r  the opera t ions 
f e l l i n g ,  sn igg ing and hau l ing ,  taken toge th e r ,  w i l l  r i s e  by 6.9% p.a .  
and 4.5% p.a .  in  the same per iods .  Energy consumptions f o r  harves t ing  
w i l l  cont inue to  r i s e  q u i te  s t ro n g ly  (2.4% p . a . )  in  the f i r s t  decade
93
- Chapter 7 -
of the new century after which the total energy requirements for the 
softwood plantation estate are expected to level out at between 8.3PJ/yr 
and 8.6PJ/yr. By contrast, the growth in national total energy demand 
and in the demand for petroleum transport fuels is expected to be 
2.5% p.a. and 1% p.a. respectively for the decade 1981-1991 (DRE,
1983).
It has been shown in chapter four (Table 4.1) that around 
three-quarters of the energy used in harvesting operations is in the 
form of petroleum-derived liquid fuels. Petroleum fuels comprise a 
high proportion of direct energy used in other operations (see Table 
3.5), and some indirect energy inputs are oil-derived. In an exercise
s
using a now out-of-date energy absorption matrix it was concluded 
(Wells, 1984) that 86% of the total energy requirement for the Tumut 
plantation was supplied by oil, 13% by coal and 1% by other sources 
(see Appendix A . 20). Attempts to repeat this analysis using more 
up-to-date figures (James et al. , 1982b) have been thwarted by the 
aggregation of the 109 sectors of the economy into 49 super-sectors 
which has made energy co-efficients so unspecific as to be practically 
meaningless, and in any event, primary energy input co-efficients 
were not available. Although large scale substitution of gas for oil 
has taken place in many industries and in homes in the past decade, 
this has not occurred in plantation operations; indeed, an increasing 
proportion of the total energy used is consumed as liquid petroleum 
fuels in harvesting operations. Assuming (conservatively) that four- 
fifths of the energy requirements in 1985 are satisfied from oil as 
the primary source, 0.23% (2.9PJ) of Australia's total consumption 
of crude oil will be used for plantation forestry in that year, rising 
to 0.28% (3.8PJ) in 1990 with the same assumption. Figures for
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national crude oi 1 consumption from DRE, 1983).
In company with most other countries in the world, Australia 
is trying to lessen its dependence on oil. The policy of parity pricing 
of Australia's own production of crude oil (amounting to about two- 
thirds of current demand) against prices paid for imported crude oil 
has been an important factor in slowing growth in national demand 
from 1.5% p.a. in the decade to 1980 to a forecast 0.5% p.a. over 
the decade 1981-1991 (DRE, 1983). It is likely that between 1990 and 
2000, while oil consumption by plantation forestry is increasing at 
around 4% p.a., there will be continuing pressure to reduce dependence 
on petroleum products still further. There will undoubtedly be further
ssteep price rises and perhaps even the introduction of quotas. Plantation 
forestry will therefore be pressed to either cut back on its energy 
use or substitute other energy forms for oil.
As long as there is continued increased mechanization of 
operations, particularly in harvesting, there seems little likelihood 
that large savings of energy can be achieved,though small savings 
might be made through a variety of ways such as car pooling, using 
vehicles and machines with better fuel economy, better matching of 
machines to jobs etc. Bent et al., (1978) reporting a survey of 
member companies of the Canadian Pulp and Paper Association, Woodlands 
Section, conclude similarly: 'a sizable reduction in energy consumption 
is possible only through a host of small savings'. This suggests that 
logging companies in Canada are already locked into mechanizations, 
since, from their own observations and the finding of Gasslander 
et al. (1979), mechanization may, at one stroke, double the energy 
consumed per unit mass of logs felled and extracted. The growth of
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mechanization in harvesting inAustralia needs to be closely monitored 
to see that mechanized techniques are justified as far as possible 
on energy grounds as well as in money terms.
The operation where the greatest amount of liquid petroleum 
fuel is used - road hauling - does not lend i tse lf  to energy conservation 
measures. Already trucks are loaded up to (and beyond!) axle loads 
permitted by main roads authorities. Reducing the haulage distance 
or implementing some form of back-loading (logging trucks travel one 
way empty) would be ways of realizing large savings of energy. The 
former could be brought about either by locating processing plants 
closer to the forests, or growing the forests in closer proximity 
to the plants. Locating wood processing plants closer to the forests 
generally means they are more remote from their other needed goods 
and services and from the markets for their products. Because of the 
energy costs of the infrastructure required and the social upheaval 
involved, i t  might be easier to bring 'Birnam wood to Dunsinane'.
Even if there were products to be carried towards the forest, 
back-loading of log trucks would not be practicable because of their 
peculiar design and the need for fast turn-around. Possibly the use 
of other transport methods would be less energy-intensive, at least 
for pulpwood. For example wood which had been chipped in the forest 
could be conveyed by belt. This has not been seriously investigated 
in Australia. If the pulpwood plant is at a great distance from the 
forest then a combination of belt and railway might be used.
If substantial savings cannot be effected in the petroleum 
fuel-dominated energy needs of plantation forestry, then a changeover 
to other sources of liquid fuel may be necessary.
- Chapter 7 -
In Australia the tyranny of distance has been largely overcome 
and replaced by the tyranny of d is t i l la te ,  and i t  is almost 
with a sense of re l ie f  that we are at last being forced to 
conserve our l iquid fuels, to use them more e f f ic ien t ly  and 
to develop alternative and renewable sources of them.
. . .  given the fact that Australia is poorly off for oi l  but 
r ichly  endowed with coal, further rises in the price of oi l  
or in the uncertainty of i ts  supply w i l l  make i t  increasingly 
attractive for us to convert coal to o i l .
(L.T. Evans, 1980).
South Africa already produces much of i ts  l iquid fuel requirement
from coal but Evans sounds this note of warning:
Massive investment would be required . . .  [to convert coal 
to o i l ]  . . .  on a signif icant scale, and having made that 
investment i t  would not be easy to dismantle our synfuel 
industry i f  we found, in twenty years' time, that the effects 
of r ising CO? levels made this desirable. Atmospheric CO? 
is already increasing at the rate of one part per mil l ion 
per year, largely as a result of the combustion of fossil 
fuel, and the dependence 6n coal to o i l conversion for our 
l iquid fuel could increase the rate of CO? release. Just what 
the environmental impact of r ising atmospheric CO? w i l l  be 
is d i f f i c u l t  to predict, but i t  is clear that we shall be 
in for a hotter time. Thus, coal to o i l conversion could be 
a Faustian bargain, exchanging present pleasures for future 
f i res.  Indeed, the effects on climate of r ising CO? levels 
may constitute, on a world scale, one of the major constraints 
on the continued use of foss i l ,  as against renewable fuels.
Production of liquid fuels from o i l  shale or coal might make a major 
contribution to meeting Australia's needs in the long term (from about 
2000 - NEAC, 1980 - Table 11.1). In the meantime l iqu i f ied petroleum
gas (LPG) already provides a substitute for petrol, and other fuels, 
notably methanol, ethanol and compressed natural gas, are being invest­
igated for this purpose. Some of these might eventually be used in 
passenger cars, u t i l i t i e s  and other engines using petrol in plantations 
but a substitute for diesel is required i f  a big impact on plantation 
use of oil-based liquid fuel is to be made. Over 70% of the liquid 
fuel used in Tumut plantation was diesel needed for heavy plant such 
as bulldozers, graders, harvesting equipment and trucks (Table 3.6). 
Research to find suitable substitutes for diesel is lagging, though
y /
it is believed that vegetable oils from crops such as rapeseed, sunflower, 
and linseed might, one day, be used (Stewart et al., 1981). Resins 
and essential oils which can be extracted from certain plants such 
as guayule (Parthenium argentatum), Euphorbia lathyris and certain 
Eucalyptus species have potential also, and commercial cropping of 
these 'hydrocarbon' plants in Australia is being investigation (Stewart 
et al., 1982).
Plantations as an Energy Source
As we have seen, softwood grown in plantations requires input 
of fossil fuel energy but, because the plantations themselves are 
capable of high rates of growth artd the wood produced can theoretically 
be used as a fuel, the energy input can be regarded as an investment 
to increase the conversion rate of solar energy to a form in which 
it can be more readily used by man. Table 6.9 shows that there can 
be a high return on that investment. In 1985, for an investment (input) 
of 3 . 6 P J i n t h e  national softwood estate there was a theoretical return 
(output) of 61.8PJ, i.e. a return of 17.2PJ for every 1PJ 'invested'. 
Though the energy ratio remains nearly constant the amount of energy 
theoretically produced by plantations in excess of energy input grows 
rapidly year by year. By 2020 the net energy yield is 147.3PJ. If 
wood produced on non-merchantable boles and stumps is included net 
energy yield could be 74.5PJ in 1985 rising to 188.5PJ in 2020.
Direct combustion of air-dry plantation produce 'at the mill 
door', while a useful concept to provide an estimate of theoretical 
maximum energy output potential (gross enthalpy of combustion), is 
obviously not a practical way of utilizing wood for energy. Moreover, 
wood from merchantable boles would not, in reality, be available as
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an energy source, except in an emergency. The major energy resource
in plantations is in the non-merchantable boles and stumps - 12.7PJ
in 1985 rising to 41.2PJ in 2020. In the past, mill residue - as much
as 50% of the log input at many mills - might have made a significant
contribution, but today wood conversion is carried out far more efficiently 
and most of the mill residue is either sold as chips for manufacture 
of particle board, or paper products, or used for purposes such as 
landscape gardening. One new use for residues which is expected to 
expand quite rapidly, is for medium density fibreboard. Some wood 
processors do supplement their own energy requirements with wood residues 
however. The Mt Gambier government sawmill in South Australia which, 
at one time, produced 21 MW from five turbines to supply most of the 
electricity needs of the town, now saws so efficiently that there 
is only sufficient residue (mainly sawdust) to raise steam for use 
in the mill itself. Mill residues thus provide an unspecified and 
an uncertain future energy resource.
With current combustion technology any cellulose material 
can be used relatively efficiently to provide heat energy say for 
raising steam. Conversion of wood to other, often more convenient 
forms of fuel, entails energy losses of the magnitude outlined in 
Table 7.1.
A number of plants have been built in the United States to 
generate electricity from wood (Anon, 1978; Anon, 1980) but this is 
one of the thermally least efficient ways of using wood (or any other 
primary source) for energy. Blankenhorn et. al. (1978) calculate 
that 71% of energy potentially available through direct combustion 
is lost in converting wood to electricity via steam turbines.
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Table 7.1 Product Energy E f f i c i e n c y  f o r  D i f f e r e n t  Energy Forms 
der ived from Wood
E f f i c i e n c y
%
Wood 100
Charcoal 45
Methane 51
Hydrogen 58
Ethanol 31
Methanol 51
Notes
Product energy e f f i c i e n c y  is  the r a t i o  o f  the energy in  the product 
over the energy in  the feedstock  (o the r  d i r e c t  and i n d i r e c t  energy 
consumption not taken in to  account) .  Figures are f rom NZERDC (1979) 
page 63, except f o r  charcoal w h ic h ' i s  f rom Earl  (1963).
L i q u i d  f u e l s
There has been i n t e r e s t  r e c e n t l y  in  A u s t r a l i a  and New Zealand, 
in  whether or not t h e i r  a l ready ex tens ive  softwood p la n ta t i o n s  can 
be used to  prov ide s u b s t i t u t e s  f o r  petroleum f u e l s .  In New Zealand, 
a study by NZERDC (1979) has concluded t h a t  perhaps 30% o f  t h a t  c o u n t r y 's  
l i q u i d  f ue l  requirements might be met in  the l a t e  1990s from wood 
su rp lus  to  the na t iona l  demand ( in c lu d in g  m a in ta in ing  exports  at  the 
average annual leve l  1976-80). The same study s ta tes  t h a t  16% o f  p ro ­
je c te d  p e t ro l  and diesel  fu e l  requirements in New Zealand could be 
replaced w i th  methanol manufactured from sawn t imber  res idues  (mainly  
r a d ia ta  pine) by the year 2000. While methanol p roduc t ion  appears 
to  be more economic than ethanol because of  b e t t e r  conversion e f f i c i e n c y  
(Table 6 .2 ) ,  ethanol processing techno logy  i s  f u r t h e r  advanced. In 
1981, an American f i r m  entered in to  an agreement w i th  the New Zealand
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Forest Service to develop an 'ethanol from wood' plant; at about the 
same time it was announced that the New Zealand government had decided 
to go ahead with construction of the world's first natural gas to 
gasoline plant (Anon, 1981b; Anon, 1981c).
In Australia Stewart et al. (1979) have calculated that methanol 
can be produced from wood via gasification, in a plant producing 100,000 
tonnes of methanol per year, with a conversion efficiency (energy 
in products/energy inputs to conversion process) of 35%. They calculate 
that methanol, with an energy equivalent of 55 PJ annually, could 
be manufactured from plantation sources if the projected plantation 
estate were doubled so that at least one million hectares were avail­
able solely for fuelwood. However,x they remind us that it would be 
several decades before this rate of production could be reached. 
Theoretically, converting all wood from a plantation estate of 1.4 
million hectares (projected size of estate in 2020) to methanol, in 
several large plants, could yield methanol with an energy content 
of 66 PJ (188.5 x 35/100). Using only non-merchantable boles and 
stumps, the yield would be 14.4 PJ annually (41.2 x 35/100), theoretically 
more than enough to supply the total annual energy requirements of the 
plantation estate (8.7 PJ/yr - Table 6.9).
Energy plantations grown to produce a maximum yield of organic 
matter are likely to produce a higher net energy yield than conventionally 
managed plantations initially, though whether this advantage could 
be maintained through a number of rotations has not been tested. Most 
of the nutrients taken up by trees are stored in the needles and small 
branches (Madgwick, 1978): these parts would probably be harvested 
with boles and stumps from energy plantations. It is estimated (NZERDC,
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1979) that nutrient replacement could account for 13% of the total 
energy inputs to a radiata pine energy forest grown on an 18 year 
rotation in New Zealand, compared with 8% for a conventional 30 year 
rotation piantation. Nutrient replacement after each rotation would 
be essential inAustralia with its generally infert i le soils and is 
likely to be expensive in money as well as energy terms. A separate 
energy analysis would be required to find out what the net s u s t a i n a b l e  
energy yield might be from energy plantations.
Australia, with i ts abundant resources of coal, oil shale,
natural gas and uranium, is not likely to grow plantations solely
for energy. The strategy most likely to be adopted in respect of using
plantation wood for energy is one recommended by the New Zealand Research
and Development Committee (NZERDC, 1979, page 32):
Since energy from trees is not yet proven as 
the solution to New Zealand's liquid fuel 
supply problem i t  would appear prudent to 
retain f lexibi l i ty in the meantime by 
intensively managing plantation forests.
[ i .e .  for timber]
. . .  Wood from these forests could be used for 
energy and could provide the basis for 
transition to energy farming . . .
Wood f o r  o i l
While the uncommitted resource is not large enough to provide 
more than a small proportion of the country's requirements for liquid 
fuel, wood can nevertheless substitute for oil in other ways. The 
most straightforward way is when wood is burned as a boiler fuel where 
oil would otherwise be used. It has been estimated by the United States 
Department of Energy that wood presently provides that country with
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the equivalent of 140,000 barrels of o i l  per day, with the l ikel ihood 
that th is  could double by the turn of the century (Anon, 1980).
This is the most e f fec t ive  way of using wood fo r  energy. An in te rest ing 
p o s s ib i l i t y  fo r  pa r t ia l  subst i tu t ion of petroleum fuels is that of 
one day using wood to fuel e f f i c ie n t  stat ionary  or mobile steam engines. 
According to Pritchard (1981), th is  is already practicable; however 
the economic v i a b i l i t y  of using th is  mode of t ra c t ion ,  which would 
be p a r t i c u la r l y  apt for  fo rest harvesting, has not been investigated.
The cost of these steam engines would be 'a ffordable ' only i f  they 
were mass-produced.
Wood can also substi tu te  in d i r e c t l y  fo r  foss i l  fuels as a 
st ructura l  materia l.  The energy sequestered in (sawn) wood is low 
compared with other bui lding materials (Appendix A.17). Figure 7.1 
from Kre i jger (1976) shows that considerably more energy is sequestered 
in a steel bfrarn (designed to support 400 kg/m in th is  example) than 
in e i ther a concrete or a wooden one. The dif ference becomes greater 
as the span increases. This is one example of many where the use of 
wood leads to savings of foss i l  fue l .  Energy embodied in wood in the 
round is even less than in sawn timber. For radiata pine the ind i rec t  
energy sequestered in logs harvested from the Tumut s u b -d is t r ic t  can 
be obtained by calcu la t ing the inverse of the energy ra t io .  This 
is 0.031 joules per jou le of energy which would be released upon combustion 
allowing that merchantable boles only are harvestedJ Using an average 
density fo r  sawlogs and pulplogs of 1.9 m3/ t  (a i r -d ry )  (Table 2.1) 
and assuming enthalpy of combustion of wood as 16.7 GJ/t (a i r -d ry )
1 I f  to ta l  boles plus stumps are harvested, embodied energy is 0.037 
J/J .
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the energy embodied in radiata pine logs is 272 MJ/m^  (0.27 MJ/litre 
for comparison with figures in Appendix A.17). For logs harvested 
from the total estate when operations are more mechanized, indirect 
energy sequestered might rise to 0.058 J/J for merchantable boles. 
Under the assumptions above, embodied energy would then be 510 MJ/m^  
(0.51 MJ/litre). If energy released by burning eucalypt windrows in 
preparation for a f i r s t  rotation is counted as an input to the 
plantation, energy sequestered in logs is 0.555 J/J when merchantable 
boles only are harvested and 0.417 J/J when total boles plus stumps 
are harvested.
steel
400 kq/m
700
5  600
concrete (pc)
a> 400
concrete (he)
"  100
span in metres
Figure 7.1. Energy embodied in wooden, reinforced concrete and 
steel beams.
pc = portland cement, he = portland blast furnace cement
Source: Kreijger (1976)
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The large increase in energy sequestered in plantation wood 
due to burning wood on the ground before planting highlights the large 
losses of energy entailed in this practice. Not only are there losses 
directly through combustion, but additional energy costs are incurred 
in the form of nutrient replacement (see Chapter 6). A comprehensive 
review of the practice on the grounds of f er t i l i zer  use as well as 
on energy grounds is overdue. At the same time the energy savings 
which might be achieved through the use of legume crops might be in­
vestigated. Lupins planted with marram grass to stabilize coastal 
sand dunes in New Zealand have been shown to fix at least 160 kg N/ha.yr 
and to provide much of the nitrogen taken up by radiata pine established 
subsequently (Gadgil, 1979). Crushing the lupins at the time of planting 
pines, and spraying lupin regrowth with an herbicide appears necessary 
to release trees from competition. At age 4, the above ground portions 
of the trees contain twice as much organic matter and nitrogen as 
the herbaceous plant tops when this is done, whereas, when the lupins 
are not suppressed, herbaceous plants contain more than twice as much 
dry matter and three times as much nitrogen as the young trees. Whether 
or not this practice results in overall conservation of energy needs 
to be verified. Trials using nitrogen-fixing plants (lupins and sub­
terranean clover) have been conducted in conjunction with growing 
radiata pine in South Australia and in Western Australia.
Energy e f f i c i e n c y  o f  land use
Fig. 7.2 shows the relative energy efficiency of a variety 
of forms of primary production, ranging from subsistence cropping 
through Canadian extensive forestry and western-world cropping to
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intensive primary production. The energy efficiency of Australian 
agriculture, overall, has been plotted from data of Gifford (1984), 
assuming the production requiring significant energy inputs takes 
place on a land area of 50 mil l ion ha. The energy eff iciency of plant­
ation forestry in Australia is indicated using data from Tumut 
plantations.
CO
-C
\-
D
CL
I -DO
>-occ
LU
z
LU
500
100 -
10
5
.
Subsistence 
crops
Extensive” 
forestry
■ Radiata pine forestry 
£L_~i in Australia
(Canada)
•"Australian j 
jjagriculture j
Crops 
(West, world)
Milk and eggs (UK)
r~ i
M eat production (UK)
50 100
ENERGY INPUT (GJ/ha/yr)
Fig. 7.2 — Energy inputs and outputs for different land uses 
(after Leach, 1976 and Overend, 1979)
I t  can be seen that the production of wood from plantations 
is a considerably more energy-efficient form of land use than western- 
world cropping, Australian agriculture, or intensive primary production. 
The efficiency of plantation forestry in Australia ranks with that 
of subsistence crops or extensive forestry in terms of energy rat io , 
but plantations are capable of considerably higher net energy yield.
This is undoubtedly a point in its  favour as a land use. In a world
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increasingly concerned with energy sources, p a r t i c u la r l y  renewable 
ones, plantat ion fo res t ry  would a t t ra c t  much more support i f  i t s  
fu ture  ro le  as an energy producer could be c la r i f i e d .  Energy analyses 
such as th is  one can help to do th is .
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i* *  X i
Felling, limbing and cross­
cutting with power saw Mechanical fe l l ing
Forwarding
Mechanical limbing and cross-cutt ing
i
Truck haul Forwarding
Truck haul
Appendix Figure A.l Showing semi-mechanized and mechanized harvesting
operations.
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Appendix Table A .l Data and programme f i le s  used w ith  UNIVAC
computer and stored on magnetic tape.
Input
Category Data Programme
( fo r  computing energy inputs  to  fo re s t operations 
o ther than harvesting)
D is t r ic t FUEL ALLMACHDISTR
FCONSUMERATE
OPDISTR
ENERGY.FUELDISTR
S ub-d is t FUEL NALLMACH2
WAGES
FCONSUMERATE
OPSUBD
ENERGY.FUELSUBD
D is t r ic t REPAIRS REPAIRATE REPAIRS.MEANS
ALLMECHD1STR REPAIRS.ALLMECHDISTR
REPDISTRSORT REPAIRS.OPSORTDISTR
OPSORTDISTR
S ub-d is t REPAIRS ALLMECHSORT
NREPAIRATE
REPAIRS.ALLMECH2
ENEREPSORT
0PS0RT2
REPAIRS.OPSORT2
D is t r ic t STEEL ALLMECHDISTR
PLANTARE
STEEL.ALLMECHD
STEELDISTSOR
OPSORTDISTR
STEEL.OPD
S ub-d is t STEEL ALLMECHPLUS
PLANTARE
STEEL.ALLMECH
ENESTEELSORT
0PS0RT2
STEEL.OP
Di s t r i c t GOODS GOODSDISTR
PROCESSD
ENERGY.PROCESSD
PARTDSORT
INOUTPUTD
ENERGY.INOUTPUTD
WHOLEDSORT
OPSORTDISTR
ENERGY.OPD
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Inpu t
Category Data Programme
S u b -d is t GOODS G00DS0RT
PROCESS
ENERGY.PR0CESS2
PARTGOODSORT
IN0UTPUT3
ENERGY.INOUTPUT3
WHOLESORT 
0PS0RT2 
(WHOLESORT =
ENERGY.OP3
WH0LEG00DS -  MACHMAINT3)
D is t r i c t LABOUR MANDISTR
OPSORTDISTR
ENERGY.MANDISTR
S u b -d is t LABOUR HOURSORT
OPSORT2
ENERGY.MAN
( fo r  computing energy in p u ts  to  the h a rve s tin g  o p e ra tio n )
FUEL NALLMACH2
WAGES
ENERGY.FUELHARV
FCONSUMERATE
OPSUBD
FUELHARV ENERGY.FUELHARV3
REPAIRS ENEREPHARV
NREPAIRATE
REPAIRS.ENEREPHARV
MACHMAINT3 
(MACHMAINT3 =
REPAIRS.HARVEST 
WHOLEGOODS -  WHOLESORT)
MACHMAINT3 REPAIRS.HARVESTCON
STEEL ENESTEELHARV STEEL.HARV
LABOUR MANHARV ENERGY.MANHARV
( fo r  computing net energy y ie ld  fo r  the p la n ta t io n  e s ta te )
ENERGY.PREDICT
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APPENDIX TABLE A.2 EXAMPLE OF MACHINE 'JBE DATA RECORD, TUMUT 
BUB-DIBTRTCT 10*77/7 8. BEE APPENDIX TABLE A. 5 FOR 
EXPLANATION OF PLANE1 CODE.
DATE JOB PLANT CODE
1077 UTB2153B P
09*77 UTB2153B P
0578 UTB2153E P
057P UTB2153E P
0378 UTB2153G P
1177 UTB2153E C
1077 UT32153A C
1077 UTB2153B P
1077 UTB2153B P
0977 UTB2153B P
278 UTB2153G C
578 UTB2153E C
578 UTB2153E C
1077 UTB2153A P
0977 UTB2153D P
0977 UTB2153B P
1077 UTB2153B P
0 478 UTB2153E P
1077 UTB2153B C
10*77 UT32153B C
1077 UTB2153D C
1177 UTB2153J P
777 UTB2153A C
0278 UTB2153G P
0478 UTB2153G P
03*7 8 IJTB2153G P
3*78 UTB2153G C
1177 UTB2153F C
0278 UTB2153G P
0578 UTB2153E P
0478 UTB2153E P
0877 UTB2153D P
0578 UTB2153E P
10*77 UTB2153A P
0378 UTB2153G P
0578 UTB2153E P
0278 UTB2153J P
0578 IJTB2153E P
1077 UTB2153A P
1177 UTB2153E P
0278 UTB2153G P
0178 UTB2153G P
0378 UTB2153G P
0977 UTB2153D P
05*78 UTB2153E P
0278 UTB2153F P
0578 UTB2153E P
0378 UTB2153E P
0278 UTB2153G P
1077 UTB2153A P
VT2T4</r>
VT2T^ */D
VT2T^\rD
VT2T4VD
VT2T4\tD
10 40 P47A 02.00
554 P47A 02.00
V2T4VDCC 
V2T4/TOCC 
V2T^WDCC
192 C0MPACVDR41.02 
115 COMPACVDR41.02 
40 COMPACVDR41.02 
V2T A'TnCC 
V2T 4\T)CC 
V2T4VDCC 
VT2T-4^ n 
VT2T44D
280 TKCL4 41.02
420 TKCL4 41.02
504 TKCL4 41.02
VT2T4VD
243 TKCL4 41.02
VT2T44D 
VT2T4^D 
VT2T4WD
335 TKCL4 41.02
1250 TKCL4 41.02
VT2T4AfD 
VT2T4\T) 
VT2T4«/D 
VT2T4\T) 
VT2T^'D 
VT2T4VD 
VT2T4WD 
VT2T4Vn 
VT2T4ND 
VT2T4VD 
VT7T 
VT7T 
VT7T 
VT7T 
VT7T 
VT7T 
VT7T 
VT7T 
VT7T 
VT7T 
VBW 4\rD 
VBW4VD
HR 24 KM 370
HR 7 KM 120
HR 15 KM 352
HR 58 KM 1345
HR 54 KM 557
HR 27
HR 17
HR 10 KM 105
HR 51 KM 379
HR 12 KM 84
HR 24
HR 14.5
HR 5
HR 34 KM 315
HR 32 KM 293
HR 24 KM 2 40
HR 58 KM 1057
HR 20 KM 193
HR 20
HR
HR 35
HR 8 KM 50
HR 18
HR 53 KM 054
HR 54 KM 1249
HR 28 KM 411
HR 24
HR 90
HR 52 KM 122 8
HR 20 KM 282
HR 24 KM 352
HR 25 KM 394
HR 45 KM 1145
HR 14 KM 501
HR 80 KM 859
HR 51 KM 1497
HR 18 KM 125
HR 51 KM 1434
HR 52 KM 929
HR 4 KM 55
HR 2 KM 45
HR 8 KM 115
HR 13 KM 514
HR 33 KM 395
HR 2 KM 42
HR 15 KM 123
HR 7 KM 45
HR 2 KM 51
HR 1 KM 35
HR 8 KM 151
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APPENDIX TABLE A .3 RATE OF CONSUMPTION OF PETROLEUM
PRODUCTS BY DIFFERENT PLANT TYPES. SEE APPENDIX 
TABLE A .5 FOR EXPLANATION OF PLANT CODE.
PLANT PETROL DIESEL OIL GREASE
(L/HR,KM) (L/HR,KM) (L/HR,KM) (KG/HR,KM)
AEROXLT 2 0 .0 0 .70
COMPACVDR 5.45 .10 .01
COMPR75 4 .00 .04
FD105 11 .00 .379 .04
FD145 12 .00 .395 .04
FD150 14 .00 .484 .04
FIRE ENG 1.14 .005 .0004
GRADRMH 17.20 .25 .01
GRADRMH4 14.15 .24 .01
GRADRMM 1 5.7 .2 7 .01
M30A 1.40 .03
M33B 5 .0 .05
M34A 3 .0 .03
M35D 1.40 .15
M35E 3 .0 .03
P47A 2 8 .0 0 .4 5  ' .02
P54A 2 8 .0 0 .50 .01
SK120 11 .0 .553 .04
TK4VD110 1 2 .5 .22 .01
TKCL4 8 .70 .20 .02
TKCL5 19.70 .35 .02
TKCL5 37 .42 .4 5 .02
TKCL7 44 .37 .57 .02
TKFEL100 14 .0 .4 1 .01
TKFEL130 12 .90 .3 8 .01
TKFEL170 14 .00 .5 8 .02
TKFEL50 5 .8 7 .35 .01
TKWAG150 1 2 .5 .22 .01
TKWAG40 1 1 .8 .22 .01
TKWAG40D 7 .9 .22 .01
TWAG70 13.5 .32 .01
V2T4.VDCC .3 5 .003 .0002
VC2000 .11 .003 .0001
VC5000 .19 .003 .0001
VGP4tfD .2 8 .003 .0001
VGP4VDLT .1 8 .003 .0001
VSSU15 .19 .003 .0001
VS.V4VD .25 .003 .0001
VT2T .31 .003 .0002
VT.3T .3 5 .003 .0002
VT2T4"/D .3 5 .003 .0002
VT30C .2 8 .003 .0001
VT5T .35 .005 .0005
VIST .35 .0 0 8 .0005
VT7T .40 .010 .0007
VTPT .40 .010 .0009
VTFLOAT .59 .017 .0015
VTLOG .59 .017 .0015
VUV15+ .25 .007 .0001
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APPPENDTX TARLE A. 4 COST OF REPAIRS AMO PMTTS (INCLUDING TYREE)
AND TYREE ONLY FOR VARIOUS PLANT. FIGURED ARE DOLLARD 
(DA 1Q?R) PER HOUR OR PER KILOMETRE EXCEPT W = WEEKLY 
(40  HOURD). SEE APPENDIX TABLE A .5 FOR KEY TO PLANT CODE.
FC NO. PLANT REPAIRS TYRED ONLY
( 7 7 / 7  8) (L IFE) ( 7 7 / 7 8 ) (L IFE )
0 AEROLT .0 0 0 2 9 . 0 0 0 .0 0 0 . 5 0 0
0 AEROXLT .0 0 0 2 0 . 0 0 0 .0 0 0 .5 0 0
0 COMPACDR 8 .1 C 0 W 9 . 1 1 0 .0 0 8 . 000
0 COMPACVDR . 000 w 1 1 .0 0 0 . 0 0 0 .0 0 0
2 5 4 9 COMPRC5 4 .1 7 0 5 . 7 9 0 . 0 3 0 .0 3 0
9291 CRVNSLP .0 0 0 w .4 1 5 . 000 .3 9 0
0 D15N 3 . 9 5 8 w 2 . 0 2 3 .0 0 0 . 3 9 0
8131 D15N 1 1 .3 0 0 w 2 . 1 9 0 .0 0 0 . 3 9 0
8204 D15N .0 0 0 w 1 . 3 7 0 . 0 0 0 . 3 9 0
8205 D15N .0 0 0 w 1 .3 0 0 .0 0 0 .3 9 0
8211 D15N 7 . 8 0 0 w 1 .7 1 0 • 000 .3 9 0
82 84 D15N .2 5 0 w 1 .9 0 0 . 0 0 0 . 3 9 0
8302 D15N 4 .7 1 0 w 2 . 3 8 0 . 0 0 0 . 3 9 0
8400 D15N .0 0 0 w 3 . 1 9 0 . 0 0 0 . 3 9 0
0 D15P 2 .2 9 C w 2 . 1 3 3 • 000 . 790
8197 D15P .0 0 0 w .3 9 0 . 0 0 0 .7 9 0
8223 D15P 8 .9 3 0 w 3 . 5 8 0  s . 000 .3 9 0
8379 D15P .0 0 0 w 2 . 9 4 0 . 000 .3 9 0
0 FIR E ENG 1 .3 3 7 1 . 1 3 5 . 0 1 4 .0 0 7
5129 F IR E  ENG .7 1 3 .7 1 1 . 0 3 2 .0 0 7
5141 FIR E ENG .7 7 8 .4 7 2 .0 0 0 .0 0 5
5142 F IR E  ENG 1 .3R 0 .5 2 4 .0 5 2 .0 0 9
5 1 7 8 F IR E  ENG 1 .2 5 0 .5 2 4 .0 0 0 .0 0 7
5202 F IR E  ENG .8 0 2 .8 0 2 . 0 0 0 .0 0 7
5205 F IR E  ENG 3 . 0 8 0 3 . 5 8 0 .0 0 0 . 0 0 7
5 1 7 7 GRADRMH 8 .9 8 0 5 . 5 9 0 2 . 0 9 0 . 8 7 0
5 1 5 2 GRADRMH4 1 5 .2 0 0 5 . 2 4 0 1 .9 9 0 .5 3 5
0 GRADRMM 3 .2 0 0 3 . 2 0 0 .5 0 0 .5 0 0
0 M28B .0 0 0 .0 4 5 .0 0 0 .0 0 0
0 M30A .0 0 0 . 0 5 9 .0 0 0 .0 0 0
9 0 0 9 M30A • 000 .0 9 2 . 0 0 0 .0 0 0
9 0 3 0 M30A .0 0 0 .0  45 . 0 0 0 . 000
9 0 1 1 M32C .0 0 0 .2 3 5 . 000 .0 0 5
2535 M33B 1 5 .7 0 0 w 2 . 9 4 0 .0 0 0 . 000
0 M34A 4 .5 8 3 w 4 . 1 9 5 .0 0 0 .0 0 0
4275 M34A 7 . 8 9 0 w 5 . 0 5 0 . 000 .0 0 0
4293 M34A 8 .3 1 0 w 2 . 5 8 0 . 000 .0 0 0
4294 M34A .0 0 0 w 1 .1 8 0 . 000 . 0 0 0
4 3 1 8 M34A 8 .4 5 0 w 2 . 0 9 0 .0 0 0 .0 0 0
4391 M34A 3 .4 5 0 w 7 . 7 8 0 .0 0 0 .0 0 0
4417 M34A .0 0 0 w 5 . 4 8 0 . 000 .0 0 0
0 M35D 1 .4 7 2 w 2 . 3 4 0 .0 0 0 . 000
7194 M35D 2 . 1 0 0 w 2 . 5 7 0 .0 0 0 . 0 0 0
7 2 3 4 M35D .3 1 5 w . 8 8 4 . 0 0 0 . 0 0 0
72 42 M35D 1 .4 8 0 w 1 .1 2 0 . 000 .0 0 0
7302 M35D 1 .9 5 0 w 1 . 9 5 0 .0 0 0 .0 0 0
7 4 1 1 M35D .0 0 0 w 5 . 5 2 0 .0 0 0 .0 0 0
7 4 1 4 M35D .0 0 0 w 2 . 3 7 0 . 000 . 0 0 0
7 8 0 5 M35D 1 .5 5 0 w 1 .0 9 0 . 000 .0 0 0
7 9 3 8 M35D 4 .3 7 0 w 2 . 3 1 0 , 000 .0 0 0
0 M35E 1 .1 7 5 w . 9 8 0 .0 0 0 .0 0 0
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ASP? MT5E .0 0 0 w .1 0 0 . 0 0 0 .0 0 0
5 8 1 0 >435E 2 . 3 5 0 W 1 .8 8 0 . 000 . 0 0 0
0 P47A .0 0 0 4 . 5 0 0 .0 0 0 .0 0 0
0 P54A .0 0 0 3 . 1 0 0 . 000 .0 0 0
0 SK120 . 000 8 .0 3 0 . 0 0 0 1 .8 0 0
0 TK4\'D110 .0 0 0 7 . 0 0 0 .0 5 7 1 .0 0 0
3382 TKCL4 1 .1 8 0 1 .1 8 0 # . 0 0 0
0 TKCL5 4 .0 4 0 8 . 8 3 0 .0 0 0 . 000
0 TKCL8 2/1 .840 1 ? . 1 0 0 . 000 . 0 0 0
3333 TKCL8 9 . 2 8 0 1 1 . 0 0 0 . 000 .0 0 0
3334 TKCL8 4 0 .4 0 0 1 5 . 2 0 0 .0 0 0 .0 0 0
3310 TKGL7 3 4 . 3 0 0 2 0 . 1 0 0 . 000 . 0 0 0
0 TKFEL100 2 . 9 0 0 2 . 9 0 0 . 5 0 0 .5 0 0
0 TKFEL130 .0 0 0 7 . 9 0 0 . 000 .4 0 0
0 TKFEL170 4 .2 0 0 4 . 2 0 0 .7 0 0 .7 0 0
0 TKFEL80 1 4 .8 5 0 7 . 330 .9 4 5 .8  80
3322 TKFEL80 1 3 .5 0 0 8 . 8 3 0 .4 8 1 . 2 9 1
3 3 4 5 TKFEL80 1 5 .8 0 0 7 . 8 3 0 1 .4 1 0 1 .0 7 0
0 TWVAG150 .0 0 0 8 . 0 0 0 . 0 0 0 .9 0 0
0 TKWAG40 2 .8 P 0 1 .8 1 0 .0 0 0 .0 0 7
328 7 TKWAG40 2 . 8 8 0 1 . 8 1 0 .0 0 0 .0 0 7
3337 TK-\7AG40 2 . 8  80 1 . 8 1 0  ' . 0 0 0 . 0 0 7
0 TKWAG40D 2 . 8 8 0 1 .8 1 0 . 0 0 0 .0 0 7
0 TKWAG80 . 000 7 . 520 . 0 0 0 .5 8 3
0 TKWAG70 . 000 9 . 9 8 0 .0 0 0 .111
8 2 2 4 TLF1000 1 8 . 7 0 0 w 7 . 1 7 0 . 000 .2 0 0
8229 TLF250 .7 5 2 w 5 . 5 9 0 . 000 .1 0 0
0 V2T4VDCC . 1 8 8 .1 5 1 .0 1 0 .0 0 5
1337 V2T 4'7DGC .3 1 8 .2 0 1 .0 2 0 .0 0 8
0 VC2000 . 0 0 0 .0 3 3 .0 9 0 .0 0 4
0 VC5000 .0 0 0 . 0 3 4 .0 0 0 . 0 0 4
0 VGP4VP . 0 8 7 .0 8 8 .0 0 4 . 0 0 4
1031 VGP4VD .0 8 7 . 0 8 3 .0 0 4 .0 0 4
1894 VGP4/7D .0 8 7 . 0 8 8 .0 0 4 . 0 0 4
0 VGP4VDLT .0 8 7 . 0 8 8 . 0 0 4 .0 0 4
0 VSSU15 .0 0 0 .0 3 4 . 0 0 0 .0 0 4
0 VSW4WD .2 8 4 . 1 2 9 .0 1 8 .0 1 7
10 45 VGW/ND .0 4 7 .0 4 7 . 000 . 0 1 7
1399 VSW 4VD 1 .8 2 0 . 1 2 5 . 0 0 0 .0 0 7
1423 VSW4^D .2 3 8 .2 3 8 .0 0 0 .0 1 7
1*32 VSti 4VD . 2 3 0 .1 5 7 .0 0 9 .0 0 7
1437 VSV4VD . 1 2 0 . 1 1 8 . 0 0 0 . 0 0 1
1517 VFM 4VP . 2 2 8 .1 1 9 .0 0 8 .0 0 8
1523 V5W4VD .0 8 8 . 0 9 4 . 0 0 4 .0 0 3
1557 VSW4VD .1 2 2 .1 3 9 . 0 0 4 .0 0 3
1588 V9V4VD .1 0 7 .0 9 0 . 0 3 1 . 0 1 5
1744 V S W W .0 8 9 .0 8 9 .0 0 8 .0 0 5
1 7 9 8 . 178 .1 1 7 .0 0 3 .0 0 1
1900 VS44VD .2 8 4 . 2 8 4 .1 3 7 .1 3 7
1917 VSW44D . 1 0 7 .1 0 7 .0 0 3 .0 0 3
1238 VT2T . 2 7 1 .0 9 2 . 0 0 1 .0 0 3
0 VT2T4VD .2 2 2 .1 8 0 .0 0 7 .0 0 8
1025 VT2T4VD .2 3 2 .2 3 2 . 0 0 0 .0 0 8
APPENDIX TABLE A .4 (COMT)
1413 VT2T4VD .253 .230 .005 .009
1492 VT2T4VD .099 . 0 5 ^ . 0 0 3 .003
1533 VT2T4*JD .259 .195 .01"7 .005
1*55 VT2T4VD .117 .117 . 0 0  4 . 0 0 4
0 VT30C . 0 0 0 .051 , 0 0 ft . 0 0 3
0 VT3T .125 .125 .005 .005
0 VT5T . 0 0 0 .150 . 0 0 0 .014
0 VT5T . 0 0 0 .150 • 0 0 0 .014
1531 VT7T .104 .103 .041 .017
0 VT9T . 0 0 0 .197 . 0 0 0 .023
0 VTFLOAT . 0 0 0 .193 . 0 0 0 .023
0 VTLOG .073 .073 .054 .054
0 VUV15+ . 0 0 0 .051 . 0 0 0 .003
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APPENDIX TABLE A. 5 MASS AND WORKING LTFE Op DIFFERENT TYPEB OF
MACHINERY AND PLANT CODE KEY+.
PLANT MASS LTFE DESCRIPTION
(KG) (KM OR HR)
AEROLT* 0 1
AEROXLT* 0 1
COMPACDR 05100 030000
COMPACVDR 12000 030000
COMPR75 00955 005900
CRVNSLP 01232 030000
D15N 00330 020000
D15P 00813 020000
FD105 10550 020000
FD145 13000 020000
FD150 15200 020000
FIRE ENG 05280 070000
GRADRMH 15200 030000
GRADRMH4 11202 030000
GRADRMM 11000 030000
M28B 00035 003000
M30A 00075 010400
M32C 00457 015500
M33B 00292 001000
M34A 00120 000500
M35D 00010 000800
M35E 00020 000500
P47A 04380 019000
P54A 12425 012000
SK120 10500 015000
TK4WD110 05000 005000
TKCL4 07280 010000
TKCL5 14270 012000
TKCL8 25533 012000
TKCL7 34241 012000
TKFEL100 10000 020000
TKFEL130 12930 020000
TKFEL170 15740 020000
TKFEL80 07195 020000
TKWAG150 05 800 005000
TKWAG40 02171 005000
TKWAG40D 02171 005000
TKWAG70 03255 005000
TKWAGPRUN 04500 007000
TLF1000 02254 042000
TLF250 00550 042000
V2T4WDCC 03720 100000
VC2000 00900 150000
VC5000 01420 150000
VGP4nT> 01700 100000
VGP4tfDLT 00900 100000
VSSU15 01420 150000
VSW4WD 02000 200000
VT2T 01900 150000
VT2T4VD 04080 100000
AIRCRAFT LIGHT 
AIRCRAFT EXTRA LIGHT 
COMPACTOR/ROLLER DRAWN 
COMPACTOR VIBRATING DRAW 
COMPRESSOR SMALL 
CARAVAN
TRAILER 2 WHEEL IB CWT 
TRAILER 4 WHEEL 25 CWT 
FORWARDER 105 HP 
FORWARDER 145 HP 
FORWARDER 150 HP 
FIRETRUCK
GRADER MED-HEAVY, CAT 1300 
GRADER MEDIUM-HEAVY 4-W-D 
GRADER MEDIUM E.G. CAT 12 0G 
ROTARY M04ER > 50 CM CUT 
EARTH RAMMER
BITUMEN EMULSION SPREADER 
ROTARY HOE 12 HP 
PUMP 7 HP 
CHAINSAW
RDCKDRTLL E.G. TEX 20 
DRILL RIG E.G. ATLAS COPCO 
TRAXCAVATOR E.G. CAT 951C 
SKIDDER 120 HP 
TRACTOR 4-W-D 110 HP 
TRACTOR CLASS 4 E.G. CAT D3 
TRACTOR CLASS 5 E.G. CAT D5 
TRACTOR CLASS 5 E.G. CAT D7 
TRACTOR CLASS 7 E.G. CAT DP 
FRONT-END LOADER 100 HP 
FRONT-END LOADER 130 HP 
FRONT-END LOADER 170 HP 
FRONT-END LOADER 50 HP 
TRACTOR WHEELED 150 HP 
TRACTOR WHEELED 40 HP PETROL 
TRACTOR WHEELED 40 HP 
TRACTOR WHEELED 70 HP 
PRUNING TRACTOR 40 HP 
FUEL TRAILER 1000 GALLONS 
FUEL TRAILER 250 GALLONS 
TRUCK 4-W-D WITH CREW CAB 
PASSENGER VEHICLE TO 2 L 
PASSENGER VEHICLE TO 5 L 
VEHICLE 4-W-D , SWB 
VEHICLE LIGHT 4-W-D 
VEHICLE UTILITY 15 CWT 
VEHICLE 4-w-D, LWB 
TRUCK 2 TON 
TRUCK 2 TON 4-W-D
APPENDIX TABLE A.5 (CONT)
VT30C 01550 150000 TRUCK LIGHT 30CWT
VT3T 02000 170000 TRUCK 3 TON
VT5T 02542 200000 TRUCK 5 TON
VT5T 0/1100 200000 TRUCK 5 TON
VT7T 05740 250000 TRUCK 7 TON
VTPT 05500 250000 TRUCK 8 TON
VT FLOAT 13R94 350000 FLOAT LOW LOADING
VTLOG 13894 350000 TRUCK LOGGING
VUV15+ 01500 150000 VEHICLE UTILITY 20
* NEGLIGIBLE RATE OF CONSUMPTION OF COMPONENTS
+ CODES FOLLOW THOSE USED BY THE FORESTRY COMMISSION OF NSW 
AS FAR AS POSSIBLE (F.C. FORM 257) OTHERWISE THE 
COMMONWEALTH DEPT. HOUSING AND CONSTRUCTION CLASSIFICATION
APPENDIX TABLE A. 5 EXAMPLE OF GOODS fi SERVICES FATA RECORD
TUNUT SUB-DISTRICT 1Q77/'7R
DATE 70B S GOODS 5STC QUANTITY
HOLST27 1277 UTBR108L 0 12 FREIGHT 51 .0 1
HOLST55 87P UTB9001 0 51 FREIGHT 51 .0 1
HOLST41 37 P UTZ 8108 0 28 FRETGHT s i . 01
UTS 9 PR 1 1077 UTB540S N 2S5 HJNGTCIDE27.04 KG 80
UTS9995 1277 UTB2153E N 11 FUSE 2 7 .0 7
HOLST21 1177 UTB2153A N 514 FUSE 2 7 .0 7 N 3500
HOLST27 178 UTB2153E N 2 IS FUSE 2 7 .0 ^ N 1500
UTS9772 877 UTB309R N 97 FUSE 2 7 .0 7 N 500
UT59725 777 UTB1123 vi 108 GALCANS 31 .02 KG 9
HOLST50 578 UTB1123 N 79 GALVCAN 31 .02 KG 5
UTS9917 1177 UTB3008 N 10 GALVFTG 31 .0 3
UT73540 S78 UTB2153G N 30 GALVPIPE 2 9 .0 1
UTS9899 1077 UTB3023B N 20S GALVTANK 31.02 KG 300
UTS9734 777 US 12 C 4910 GARAGE 41.02 NO 1
HOLST11 977 UTB540S N 82 GASHEATER33.03 NO 1
UTS9772 877 UTB2051C vi 40 GELT 2 7 .0 7 NO 120
HOLST49 478 UTB3023B N 35 GERNJCTDE27.04 L 120
HOLST 5 877 UTB3023B 23 GLOBES 33 .0 4 NO 100
UT70091 278 UTB3023B vi 23 GLOBES 33 .0 4 NO 100
UW70187 877 UTB540S N 10 GLOVES 2 4 .0 2 PR 11
UTS9817 977 UTB2051A N 43 GROSSED 01.05 KG 5 .5
UTS984P 1077 UTB2051A M 2 82 GRASSEED 01.05 KG 400
UT7344S 378 UTB4022 M 298 GRASSEED 01 .05 KG 250
UTS9 847 977 UTB2153A M 130 GRASSEED 01 .05 KG 121
UT73499 578 UTB2153E N 187 GRASSEED 01.05 KG 108
UT73475 478 UTB4022 N 74 GRASSEED 01 .05 KG 35
UTS97 80 877 UTB3008 V! 28 GRAVEL 14.00 N3 4 .5
UT59975 1277 UTB2051D N 83 GRAVEL 14.00 N3 . 1 3 .5
UTS9842 977 UTB3008 vi 32 GRAVEL 14.00 N3 4 .5
UT70022 178 UTB2051D N 1728 GRAVEL 14.00 N3 8815
UTS99S2 1177 UTB3008 N 525 GRAVEL 14 .00 N3 5255 .2
UT70021 577 UTB2051D M IS 2 GRAVEL 14 .00 N3 5255
UT70021 1177 UTB2051D vi IS2 GRAVEL 14 .00 N3 5240
UT70022 178 UTB2151C N PS 4 GRAVEL 14 .00 N3 4408
UTS9729 777 UTB2051A M 191 GRAVEL 14 .00 N3 2 2 .5
UTS9777 877 UTB1123 vi 49 GRINDSTOM28.0S NO 5
UTS9781 877 UTB1120B V| 44 GRINDSTON2 8 .05 NO 5
HOLST22 1177 UTB1123 VI 20 HANNER 31 .03 NO S
UW70205 977 UTB1123 M 25 BANNERS 31 .03 NO 5
HOLST15 1077 UTB2052A M 34 HANNERS 31 .07 NO 5
PX72713 S78 UTB1120B VI 80 HANDLES 2 5 .0 3 NO 50
UW70252 1077 UTB1123 M 17 HANDTOOL 31 .03
UT735S3 S78 UTB3023B V| 10 HARDWARE 31 .03
UT70038 178 USZ 10E v | 20 HARDWARE 31 .03
UT73501 578 UTB215SA N 32 HARDWARE 31 .03
HOLST42 478 UTB2153G N SS7 HEAD4ALL 2 8 .0 5 NO 19
USS8835 278 UTB3421E N 1S0 HEATER 33 .03 NO 1
UTS9843 977 UTZ8037 M 32 HELNET 34 .03 NO 1
05 7879 9021 T2 N 7 HELNET 34 .03 NO 2
03 7778 UTB9010 T1 N 29 HELNET 34 .03 NO 8
05 7879 9010 T2 N 18 HELNET 34 .03 NO 5
05 7879 9021 CF1 vi 7 HELNETS 34 .03 NO 2
APPENDIX TABLE A.7 EXAMPLE OF H’JMAN LABOUR DATA RECORD
TUMUT SUB-DISTRICT 1977/78
DATE JOB $
UT7355 4 S78 UTB9001H W IS 5 MAN 77 HR 24
UTS9757 877 UTB9001 W 3S MAN 85 HR S
UT73479 47 8 UTB9001A W 125 MAN 75 HR 21
UT73480 578 UTB9001 w 358 MAN 75 HR 58
UTS9801 877 UTB9001 w S4 MAN 84 HR 11
UTS9858 1077 UTB9001 w 48 MAN 83 HR 8
UT89884 1077 UTB9001 w 487 MAN 82 HR 82
UT89951 1277 UTB9001 w 72 MAN 83 HR 12
UT89938 1177 UTB9001H w 97 MAN 82 HR IS
UT89938 1177 UTB9001 w 531 MAN 82 HR 88
UT89951 1277 UTB9001H w 72 MAN 83 HR 12
UT89905 1177 UTB9001H w 182 MAN 82 HR 30
UT89905 1177 UTB9001 w S 81 MAN 82 HR 112
UT70059 278 UTB9001H w 147 MAN 85 HR 24
UT70059 278 UTB9001 w 122 MAN s85 HR 20
UT70037 178 UTB9001H w 97 MAN 83 HR IS
UT70037 178 UTB9001 w 5S0 MAN 83 HR 92
UT70018 178 UTB9001 w S37 MAN 85 HR 100
UTS9981 1277 UTB9001H w 107 MAN 84 HR IS
UTS9981 1277 UTR9001 w 550 MAN P4 HR 102
UTS 99 81 1277 UTB9004A w 38 MAN 84 HR S
UT70018 178 UTB9004H w 2S8 MAN °5 HR 42
UT70037 178 UTB9004A w 1«3 MAN 83 HR 30
UT70037 178 UTB9004H w 97 MAN P3 HR IS
UT70037 178 TJTB900 4R w 232 MAN 83 HR 38
UT70059 278 UTB9004B w 438 MAN 85 HR 70
UT70059 278 UTB9004A w 159 MAN 85 HR 2S
UT70059 27 R UTB9004H w 2S3 MAN 85 HR 43
UTS9905 1177 UTB9004A w 213 MAN 82 HR 35
UTS9905 1177 UTB9004H w 170 MAN 82 HR 28
UTS9905 1177 UTB9004B w 347 MAN 82 HR 57
UTS9938 1177 UTB9004H w 157 MAN 82 HR 28
UTS993R 1177 UTB9004B w 459 MAN 82 HR 7S
UTS9938 1177 UTB9004A w 85 MAN 82 HR 14
UTS9951 1277 UTB9004H w 2 IS MAN 83 HR 35
UTS9884 1077 UTB9004A w 71 MAN 82 HR 12
UTS9884 1077 UTB9004H w 142 MAN 82 HR 74
UTS9884 1077 UTB9004B w 214 MAN 82 HR 3S
UTS985S 1077 UTB9004A w SS MAN 83 HR 11
UTS985S 1077 UTB9004H w 95 MAN 89 HR IS
UTS985S 1077 UTB°004B w 143 MAN 83 HR 24
UTS9951 1277 UTB9004A w 132 MAN 83 HR 22
UT734R0 578 UTB9004H w 37 MAN 75 HR S
UT73480 578 UTB9004R w 542 MAN 75 HR 88
UTS9951 1277 UTB9004B w 300 MAN 83 HR 50
UTS9801 877 UTR9004U w 199 MAN 94 HR 34
UTS9801 877 UTB9004 w 2 PI man 84 HR 48
UT735S4 S78 UTB9004A w P9 MAN 77 HR 13
UT735S4 S78 UTB9004R w SPP MAN 77 HR 100
UTS9787 877 UTB9004 w 284 MAN 85 HR 48
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Appendix Table A.9 Direct plus indirect  energy (GJ) consumed in
repairs to machines in the Tumut sub-d is t r ic t  
in 1977/78. Figures in brackets are 
percentages.
Tyres Parts and 
Labour
Total
ROAD 126.3 2835.7 2962.0
MAIN 99.1 603.6 702.7
SITE 72.6 1569.6 1642.2
NURS .5 55.3 55.8
ESTB 4.7 103.8 108.5
TEND 10.6 v 64.5 75.1
PRUN 25.9 247.7 273.6
PROT 13.9 327.8 341.7
HARV 1437.3 2478.8 3916.1
TOTAL 1790.9 (18) 8286.8 (82) 10077.7
- Appendix -
Appendix Table A.10 The energy sequestered in various goods as
found by process analysis.
Energy
Product Sequestered
(GO/t*)
Source
A!uminiurn 327 Gifford (1975)
Aluminium (extruded) 145 Dawson (1978)
Cardboard 41 Gifford (1975)
Cardboard 52 Berry et al. (1975)
Fertilizer
compound 23 Gifford (1975)
ammonium nitrate 24 Dawson (1978)
ammonium nitrate 25 Nairn (1979)
superphosphate 2.1 Gifford (1975)
superphosphate 1.8 s Dawson (1978)
superphosphate 1.5 Kirkam & Mathews (no date)
superphosphate 1.9 Dornom & Tribe (1976)
superphosphate 2.8 Handreck & Martin (1976)
Fungicide (DDT) 101 Gifford (1975)
Fungicide 135 Dawson (1978)
Fungicide ('Maneb') 99 McIntosh (1979)
Galvanised Iron 34.5 Dawson (1978)
Grass Seed 4 Croke (1979)
Herbicide 94 Gifford (1975)
Herbici de 130 Dawson (1978)
Herbicide 101 Handreck & Martin (1976)
Herbicide (2,4-D) 85 McIntosh (1979)
Insulation (fibreglass) 30/m2 Kirkam & Mathews (no date)
Paper 39 Gifford (1975)
Paper 32.7 NZERDC (1976)
Posts (treated wood) 0.009ea Dawson (1978)
Pipes Dawson (1978)
concrete 4 Dawson (1978)
plastic 10.9 Handreck & Martin (1976)
Polythene (UK) 58 Berry et al. (1975)
Polythene (USA) 116 Berry et al. (1975)
Timber (sawn, treated) 3.3/m3 NZERDC (1976)
★ Except where otherwise indicated.
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Appendix Table A .11 Oil de r iva t ives  consumed per tonne o f  green logs
harvested, according to class o f  log.
L i t re s
Petrol Diesel Oil Grease Total
pulplogs 2.9 3.3 0.2
mixed3 1.3 3.5 0.2
sawlogs 0.7 2.6 0.1
Megajoules
pulplogs 115 143 1 1 269
mixeda 52 150 8 1 211
sawlogs 26 113 5 — 144
a Ratio sawlogsipulplogs = 2.8:1
- Appendix -
Appendix Table A.12 Area planted with Pinus species, 1974-78
Total to 1978
ha
1974 34,344
1975 35,818
1976 30,969
1977 36,630
1978 34,645
621,571
Source: Austral ia ,  Department of Primary Industry, Forest Resources,
1974, 1975, 1976, 1977, 1978.
Note
Most of the area planted annually is radiata  pine, e.g. in 1978
P. ra d ia ta  78%, P. e l l i o t t i i  15%, P. caribaea  5%, P. p in a s te r  2%.
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Appendix Table A .13. Percentage energy requirements fo r  various
p lan ta t ion  operations by inpu t ca tegories, 
Tumut s u b -d is t r ic t .
FUEL REPAIRS GOODS STEEL LABOUR
Operations
ROAD 50.4 19.5 21.7 7.0 1.5
MAIN 57.4 21.6 12.3 6.2 2.5
SITE 67.2 19.6 2.8 10.1 .3
NURS 45.5 .0 45.5 .0 9.1
ESTB 68.8 12.5 .0 6.3 12.5
TEND 69.2 7.7 7.7
s
.0 15.4
PRUN 66.7 8.1 7.2 1.8 16.2
PROT 53.3 16.3 20.7 6.5 3.3
HARV 76.1 12.9 .4 8.5 2.1
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Appendix Table A.14 Percentage energy requirements for various
plantation operations by input categories, 
total Pinus es ta te .
FUEL REPAIRS GOODS STEEL LABOUR
Operations
ROAD 50.4 19.5 21.7 7.0 1.5
MAIN 57.4 21.6 12.3 6.2 2.5
SITE 65.0 16.0 8 . 0 8.5 2.5
NURS 45.5 .0 45.5 .0 9.1
ESTB 72.2 13.3 .0 6.6 8 .0
TEND 73.1 8.1 8 . 8  
“7 O
.0 
1 A
10.0
PRUN 71.3 8 .6 7.2 1.9 11.0
PROT 53.3 16.3 20.7 6.5 3.3
HARV 77.2 12.9 .4 8.5 1.0
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Appendix Table A. 15 Energy requirements in M J /h a .y r  by inpu t
ca tegories , to ta l  pinus esta te .
Operations FUEL
REPAIRS GOODS STEEL LABOUR TOTAL
ROAD 50.4 19.5 21.7 7.0 1.5 100
MAIN 93.0 35.0 20.0 10.0 4.0 162
SITE 206.0 50.7 25.4 26.9 7.9 317
NURS 5.0 .0 5.0 .0 1.0 11
ESTB 46.3 8.5 .0 4.2 5.1 64
TEND . 19.0 2.1 2.3
s
.0 2.6 26
PRUN 159.7 19.3 16.1 4.3 24.6 224
73.5 22.5 28.5 9.0 4.5P R O T l o o
HARV 8329.1 1391.8 43.2 917.0 107.9 10789
11831
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Appendix Table A .16 Possible fu tu re  fuel systems fo r A us tra lia . 
Source: NEAC (1978)
Period E le c tr ic ity  Transport Low grade heat
1970-1980 
Fossil Fuel 
Economy
Coal Oil
Hydroelectric
( 10%)
Natural Gas
Coal
Petroleum 
Natural Gas
1980-2000
Transition
Period
Coal
Natural Gas 
Hydro (5%)
2000-0n Coal
Electrochemical Uranium 
Hydrogen Solar?
Economy Fusion?
Oil
Synthetic from 
Coal
Methanol, Ethanol 
Coal? E le c tr ic  
Transport
Coal
Natural Gas 
Solar
Oil and Hydro- Solar 
carbons, Methanol, Coal 
E thanol, Hydrogen? 
B atte ries
Note:
Contributions o f less than 5 per cent to a p a rtic u la r energy source 
have been ignored (e .g. the hyd roe lec tric  po tentia l in  A ustra lia  is  
such tha t i t  would not be expected to  contribu te 5 per cent to 
e le c t r ic i ty  production in 2000). A question mark is  given to areas 
where research is  necessary to show technical fe a s ib i l i t y .
Appendix
Appendix Table A .17 Energy embodied in d i f fe re n t  bu ild ing materia ls. 
Source: K re ijger (1976)
Materials Energy content Materials Energy content
M J/kg M J/I M J/kg M J/I
sand, gravel 0.1 0.16 ready mixed concrete 0.8 1.9
light weight 
aggregates
4.0 2.5
reinforced concrete*) 2.5 6.0
lime
portland
cement
6.3
6.4
8.2
8.0
prefab concrete 
elements*) 2.0 4.7
portland blast 
furnace cement
3.0 3.8
steamed prefab con­
crete elements 2.3
5.5
gypsum 3.6 2.9
water 0.004 light weight con­
crete
2.3 4.15
light weight re­
inforced concrete*) 3.8
7.2
baked clay 
bricks 4.3
7.7 steel
30 236
sand lime 
bricks
0.84 1.5
reinforcement 23 180
clay brick 
masonry 6.0
11.0
prestressed steel 28 220
sand lime 
brick masonry
2.7 4.9
aluminium 120 325
glass 21 56 copper 30 270
rockwool 14 2.2 zinc 50.5 360
asbestcement 5.1 9.0
coal 29.3 wood(sawn) 4 2.4
oil 43 plastic 40 40
natural gas 35 bitumina 20 20
) inclusive 100 kg reinforcement per m3 concrete
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Appendix A. 18 Computer program to forecast energy 
inputs and outputs, national 
softwood plantation estate
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Appendix Table A.19 Second Rotat ion P lan t ing ,  Tumut
Sub-div is ion (ha)
1978 72
1979 109
1980 148
1981 176
1982 120
1983 74
1984 199
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Appendix A.20 Primary energy inputs to plantat ion fores t ry 
(from Wells, 1984).
Tracing primary sources
An energy absorption matrix consisting of 109 sectors of the economy by 
7 primary and 14 secondary energy products has been compiled by James 
(1980) from the 1968/69 Australian input-output tables. This matrix has 
been used to calculate the proportional contribution of primary energy 
sources to the input categories fuel, repairs, goods, steel and labour. A 
matrix developed from more recent (1974/75) input-output tables has 
since become available (James et al., 1982) but, unfortunately, this has had 
to be condensed to 49 ‘super’ sectors. It is therefore not amenable to use 
the same way as the matrix in James (1980). Some of the assumptions made 
when calculating proportional contribution by primary sources of energy to 
the five input catogories for a full rotation are noted below.
Fuel. Petrol, diesel, lubricating oil and grease has been assumed to be 100% 
oil-based.
Repairs. Repairs fall into the industrial sectors ‘repairs to motor vehicles’ and 
‘rubber goods’ (includes tyres). Energy expenditure in each of these is as­
sumed to be in the same proportion as found for Tumut in 1977/78.
Goods. A variety of sectors were represented in the goods used in Tumut in 
1977/78; the proportional contribution of primary energy was computed 
for this mix of goods. Electricity, which was considered a service, was split 
82% coal, 5% oil, 5% wood and bagasse, and 8% hydroelectricity (Hawkins, 
1976).
Steel. Machine fabrication was considered to comprise the sectors ‘motor 
vehicle manufacture’, ‘construction and earthmoving machinery and equip­
ment’ and ‘other machinery and equipment’.
Labour. Indirect energy in food consumed in Australia in 1974/75 was 
separated as per Watt (1980) into that used in: (a) agriculture; (b) trans­
port; (c) food processing; (d) packaging; (e) retailing; (f) cooking; and (g) 
refrigeration. Sources of energy for cooking were taken as 65% electricity, 
30% gas, 5% wood (1976 Census). Primary sources of energy for home 
refrigeration were assumed to be 78% coal, 3% oil, 3% wood and bagasse, 
6% hydro and 10% natural gas. Other allocations to primary sources were 
made for the appropriate sectors. Direct energy in food, not being a primary 
source of commercial energy and, anyway, contributing a small proportion 
(less than one-sixth) of the total energy in this category, was ignored.
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Primary sources
The percentage contribution by different primary7 energy sources to  each 
energy input category, based on use of the  energy absorption m atrix for 
1968/69, is shown in Table V. Coal includes black and brown coal; wood 
includes wood and bagasse. Figure 2, consisting of bar histograms depicting 
the  annual energy input per ha by input category and, further, by primary 
sources (using form ation from Table V), clearly shows how7 dom inant is the 
position of oil as a primary source of energy for plantation forestry. More
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Fig. 2. Annual energy requirements per ha showing primary sources o f energy for each 
input energy. (Tumut).
TABLE V
Primary energy sources involved in growing and harvesting radiata pine plantations ex ­
pressed as percent o f total energy in each input category
Coal Oil Wood Hydro Gas Total
Fuel 0 100 0 0 0 100
Repairs 29 70 — 1 0 100
Goods 58 37 2 3 — 100
Steel 75 24 0 1 0 100
Lahour 46 43 3 2 6 100
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than 86% (4.6 GJ) of the total energy requirement is satisfied by oil, 13% 
(0.7 GJ) by coal, and less than one percent from other sources. Most of the 
oil energy is consumed directly as fuel (3.9 GJ) but a surprising amount 
(0.5 GJ ) is consumed indirectly in repairs. Most of the coal-derived energy is 
consumed indirectly in steel and fabrication of machines (0.3 GJ) and in 
repairs (0.2 GJ).
